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A graduate school can function only where there is adequate opportunity for re-
search. The existence on the campus of Iowa State College of six research institutes, 
well integrated into the college programs, in in large measure responsible for the 
growth of the graduate work. These institutes have frequently assumed the respon-
sibility of providing research facilities necessary for the doctoral candidates in their 
respective fields. It is obvious that these institutes carry on a significant part of 
their research by use of workers who are in a sense apprentices in research. Under 
the name of each institute is given the total number of theses for which research 
facilities were afforded, and an alphabetical list of the authors of sponsored theses. 
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lA circulatiog copy of each complete thesis is available in the Iowa State College. 
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SUPERCONDUCTIVITY OF LANTHANUM 
AND SOME LANTHANUM ALLOYS1 
Gerald Stanley Anderson2 
Department of Physics 
117 
Superconductivity was observed in two crystal structures of pure lanthanum. 
The hexagonal close-packed form, which had the layer stacking sequence 
ABAC ... instead of the usualABAB ... , had a transition temperature of 5.0°K. 
Face -centered cubic lanthanum had a transition temperature of 5. 9 °K. 
Critical magnetic fields were determined for the face-centered cubic lan-
thanum, which was obtained in rather pure form. The in'.ctial slope of the 
critical magnetic field vs. temperature curve was found to be 550 oer/deg. 
This would correspond to a difference in specific heat of 0.103 cal/mole deg. 
for a reversible transition. 
Alloys of lanthanum and yttrium were examined systematically. The same 
two crystal structures found in pure lanthanum were observed here. If we 
assume that the only variables affecting the transition temperatures for a 
particular structure are the volume and the mass we may obtain an expression 
for the transition temperature as a function of these' for the hexagonal struc-
ture. The mass dependence could not be determined; however, the transition 
temperature seemed to depend on the volume to a power a, where a = 25 + 2. 
Alloys of lanthanum and lutetium were also examined. Again it wa; not 
possible to obtain the mass dependence; howevert the transition temperature 
seemed to depend on the volume to a power a, where a = 9 + 2. 
The 95 per cent lanthanum and 5 per cent ytterbium alloy was the only one 
studied of these metals. Its transition temperature was 4. 0°K. 
1Doctoral thesis number 1892, submitted March 12, 1957. 
Chatrman of Committee, Sam Legvold, Department of Physics. 
2B.s.: Luther College, Decorah, Iowa. 
Research Assistant, Ames Laboratory of the Atomic Energy Commission. 
ELECTRICAL POWER TRANSMISSION AND LOAD ANALYSIS 
FOR FIELD MACHINES1 
James Henry Anderson2 
Departments of Agricultural Engineering 
and of Theoretical and Applied Mechanics 
The commercial development in 1953 of the tractor-mounted generator with 
a 10-kw capacity opened up new possibilities in the design of agricultural field 
machines. The tractor-mounted generator can be used to supply electric 
power beyond the reaches of the power line to tools such as welders, drills, 
and saws. In addition, the generator affords the possibility of using an elec-
trical coupling to drive such machines as combines, haybalers, mowers, and 
1Doctoral thesis number 1885, submitted March 4, 1957. Chairmen of 
Committee, Kenneth K. Barnes, Department of Agricultural Engineering 
and Glenn Murphy, Department of Theoretical and Applied Mechanics. 
2B.S., University of Georgia, Athens. 
Graduate Assistant, Agricultural Experiment, Station. 
118 ABSTRACTS OF DOCTORAL THESES, 1956-57 
other field machines. The electrical coupling is simply an alternative to the 
pto (power-take-off) shaft as a means of transmitting power from a tractor 
engine to a drawn or mounted machine. 
A study was conducted to investigate the possibility of using electrical 
couplings to transmit power from tractors to field machines. The objectives 
of the study were to determine design criteria for electrical couplings for field 
machines and to determine design requirements for agricultural machines to 
be powered through electrical couplings. The problem was approached through 
a simultaneous machine load-analysis and performance study of the electrical 
system. The pto coupling was used to establish the nature and magnitude of 
the loads and the electrical couplings were tested under similar loads to 
determine the effects of the load on the electrical system. 
The International Harvester Electrall system was used in the study. The 
Electrall system consists of a generator and motors and all wiring and controls 
between the two. The generator is a 12.5-kw, 208-volt, 3-phase, 60-cycle, 
2-pole, 3600-rpm, 4-wire, revolving-field alternator. The motors were 208-
volt, 3-phase, 60-cycle, 4-pole, 18 00-rpm, low-slip, squirrel-cage induction 
motors. A model 60 Allis-Chalmers combine was used as the basic loading 
device. Electric motors were mounted on the combine so that the machine 
could be driven by a single-motor coupling, a multiple-motor coupling, or the 
standard pto coupling. The combine was instrumented so that speed, torque, 
and power could be obtained for the cylinder, cleaning and separating unit, 
and the knife and canvas drive. Recordi:hg instruments were used for record-
ing generator voltage and motor input. 
The study included both field and laboratory tests. The field tests were 
conducted in windrowed wheat, windrowed oats and in rowed soybeans. Sta-
tionary loading tests were conducted by feeding unthreshed wheat into the 
combine by means of conveyor belt. The drive losses of the combine and the 
performance of the electrical coupling under high overloads were studied in 
the laboratory. 
The feed rate largely determines the power necessary to drive the cylinder. 
Uneven feeding of the material into the cylinder results in high peak overloads 
at the cylinder. The field studies indicated that many of the conditions which 
resulted in the cylinder stopping when the electrical couplings were used were 
due to uneven feeding of the material into the cylinder. 
Speed regulation of the electrical couplings was poor under high peak over-
loads. Under suddenly applied overloads, the electrical couplings did not 
"carry through" satisfactorily. During overloa<is the generator voltage dropped 
substantially and the generator speed decreased because the tractor had to 
slow down to pick up the load. The decreased generator speed reduced the 
base speed of the motors. As a result of the decreased voltage and generator 
speed, the motors were not able to develop their normal overload capacity 
without a substantial speed decrease. 
The response time of the governing system of the tractor was too slow 
when the electrical couplings were subjected to suddenly applied overloads. 
The electrical coupling, unlike the pto coupling, is not a rigid connection 
between the tractor engine and the load; consequently, more time is required 
for the tractor to respond to the load. This often resulted in the electrical 
coupling reaching a critically inefficient condition before the tractor started 
to restore the system to a state of equilibrium. 
The performance of the multiple-motor couplings was superior to the 
single-motor coupling under normal load conditions. Under extremely heavy 
load conditions, when the generator became overloaded, no difference was 
noted in their performance. 
The feed rate has very little influence on the power requirements of the 
separating and feeding units of the combine. The power required to drive 
these units depends largely on the power necessary to overcome friction. 
These loads are cyclic but the average load remains practically constant and 
does not impose critical load fluctuations on an electrical coupling. 
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Drive losses represented Z5 to 30 per cent of the total power transfer in 
the combine used. The losses were due to friction and windage in the power 
train of the combine. 
The results of th<; study point out the necessity of unique design require-
ments imposed on the electrical system and the machine. The design of the 
electrical system must be based on a study of the special load characteristics 
of the agricultural field machine, and the design of the field machine must be 
such that it will lend itself to electric drives. 
On machine components which have great load fluctuations, the addition of 
a properly designed flywheel would permit the electrical coupling to operate at 
a higher level of efficiency and reduce the possibility of reaching an unstable 
condition during overload periods. The field machine also should be designed 
so that the feed flow will be even so as to reduce peak overloads. Multiple-
motor couplings should be used on machines such as combines so that the 
drive losses could be reduced. 
In the design of the electrical system, special consideration should be given 
to the design of the magnetic circuit for the generator. The magnetic circuit 
must have sufficient capacity to permit the voltage regulator to correct for 
the IR drop and the drop due to armature reaction. Saturation of the magnetic 
circuit during overloads results in reducing the effectiveness of the voltage 
regulator. 
The tractor governor should be activated by a frequency sensing device to 
maintain the frequency of the generator output during overloads. Maintaining 
the generator speed during overloads will increase the effectiveness of the 
voltage regulator and maintain generator voltage during overloads thus allow-
ing the electrical coupling to maintain the speed of the driven machine. 
Direct-current electric.al systems provide excellent possib).lities for inde-
pendent speed control of motors, high starting torques and good lugging ability 
under overloads and further consideration should be given to 1he possibility 
of developing a d-c coupling. The cost of a d-c system would be somewhat 
higher than that of an equivalent a-c system and a straight d-c system would 
not permit the use of standard motors found on the farmstead. Although these 
are serious disadvantages, the advantage of independent motor control on 
multiple-motor couplings and the ability to develop high starting torques and 
good lugging ability might outweigh the disadvantages associated with the 
system. 
DEVELOPMENT OF A BIO-ASSAY TECHNIQUE FOR EVALUATING 
PHOSPHORUS AVAILABILITY IN RUMINANT FEEDS1 
Russell K. Anderson2 
Department of Animal Husbandry 
The purpose of this investigation was to develop an artificial r.umen tech-
nique which would be suitable as an assay procedure in measuring availability 
of various phosphorus feeding supplements for ruminants. 
A series of artificial rumen experiments were first conducted in showing 
a response from phosphorus additions to a phosphorus deficient basal medium 
using cellulose digestion as the criterion of response. Variables studied 
1Doctoral thesis number 18ZO, submitted July 11, 1956. 
Chairman of Committee, Wise Burroughs, Department of Animal Husbandry. 
2B.S., University of Minnesota, Minneapolis. M.S., Iowa State College, 
Ames. Instructor, Animal Nutrition. 
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were the number of rumen microorganisms used as inoculum, washing of the 
rumen microorganisms, length of the fermentationperfods, types and sources 
of inoculum, phosphorus depleted versus nondepleted inoculum and the addi-
tion of factors to the basal medium known to be stimulatory to rumen micro-
organisms for the digestion of cellulose. 
The technique which finally proved satisfactory consisted of measuring 
cellulose digestion in a series of small fermentation tubes to which graded 
amounts of phosphorus were added at the beginning of a 24-hour fermentation 
period. Phosphorus depleted inoculum was used and was obtained by incubat-
ing the microorganisms for 24 hours on a phosphorus deficient basal medium. 
Feather meal hydrolyzate was added to the basal medium during the depletion 
period in the flask and also during the assay period in the tubes. This tech-
nique produced an approximate linear relationship within limits, between the 
amounts of phosphorus added to the deficient medium and the amounts of 
cellulose digested by the rumen microorganisms. 
The technique developed can be briefly summarized as follo.ws: in a typical 
experiment rumen fluid was first obtained from a fistulated steer by straining 
rumen ingesta through four layers of number 50 cheesecloth into previously 
warmed thermos bottles. The strained rumen fluid was next centrifuged at a 
speed of about 1000 rpm for two minutes. This process sedimented partially 
digested feed particles and protozoa which were not completely removed by 
the cheesecloth. The supernatant was next centrifuged in a Sharples centri-
fuge at a speed of 25, 000 rpm. The bacteria in the bowl of the centrifuge, 
with the exception of about one-fourth inch at the bottom, were collected and 
suspended in 1 liter of distilled water saturated with carbon dioxide gas. 
The bacterial suspension was again put through the Sharples centrifuge to 
sediment the bacteria and remove food nutrients that might be clinging to the 
surface of bacterial cells. The resulting sediment was added to 1 liter of 
phosphorus deficient medium along with 5 grams of finely divided cellulose 
and 15 ml of a special 5 per cent hydrolyzate of feather meal or vitamin-free 
casein. The preliminary 24-hour fermentation of this suspension was carried 
out in a 2-liter Erlenmeyer flask which was immersed in a water bath main-
tained at 3 9 •c. This phosphorus depletion fer;mentation was carried out 
under anaerobic conditions maintained by passing a constant stream of carbon 
dioxide gas through the suspension. 
At the end of the 24-hour period half of the contents of the flask were 
discarded and the flask made up to 1 liter by adding phosphorus deficient 
medium and 5 grams of cellulose. Aliquots of 20 ml of the suspension were 
pipetted into 75 ml centrifuge tubes which also served as fermentation tubes. 
To each tube was added 0.3 ml of hydrolyzate of feather meal or casein. A 
standard curve was obtained by adding graded amounts of the standard phos-
phorus solution to the tubes. Graded levels of phosphorus feeding supplements 
were added to other series of tubes in determining phosphorus availability. 
These tubes were each fitted with a stopper with inlet and outlet glass tubing 
for bubbling a slow constant flow of carbon dioxide gas for purposes of agita-
tion and maintaining anaerobic conditions. The tubes were fermented at 3 9 •c 
in a water bath and at the end of the 24-hour fermentation, cellulose digestion 
was determined on the entire tube contents. 
The availability of phosphorus in five phosphorus supplements was deter-
mined by the above procedure. These supplements were composite dicalcium 
phosphate, an acidulated product of phosphate, steamed bone meal, Curacao 
rock phosphate and colloidal clay. Dicalcium phosphate appeared to be the 
most available source of phosphorus of the five compounds tested in promoting 
cellulose digestion in vitro by rumen microorganisms followed by the acidu-
lated product, stea,;;-ed bone meal, Curacao rock phosphate and soft phosphate 
with colloidal clay. The merits of this laboratory technique in measuring 
phosphorus availability were discussed with respect to their transposition to 
feeding practice with cattle and sheep. 
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ELASTIC CONSTANTS OF THORIUM SINGLE CRYSTALS1 
Philip Edward Armstrong2 
Department of Chemistry 
Values for the elastic constants c 1 ~, c 12 , and c44 of thorium were determined 
over the temperature range from 80 to 370°K, by ultrasonic sound velocity 
measurements. Two crystals were prepared by the strain anneal method. 
One crystal was cut in the shape of a circular plate about 0. 7 inches in diam-
eter by O. 06 inches thick, with the [111] direction perpendicular to the crystal 
face. The stiffness coefficient for the [111] direction was obtained from thick-
ness mode resonance measurements. This stiffness coefficient is a function 
of all three elastic constants. 
The other crystal was in the form of a plate 0. 28 inches thick, 0. 5 inches 
wide and 1. 0 inches long. The direction perpendicular to the largest crystal 
face was between the [111] and [100] directions and close to the (OTl) plane. The 
cosines of this direction were determined. One longitudinal and two shear 
vibrational waves could be propagated in this direction. The propagation 
velocities were measured by the pulse-echo technique. Trial values for the 
elastic constants at room temperature were calculated from the direction 
cosines. and the velocity measurements using a perturbation approximation of 
the equations of motion for the propagated waves. The trial values were used 
to calc.ulate a stiffness coefficient for the [111] direction. The coefficient 
measured by the resonance method was assumed to be correct. The difference 
between that value and the calculated value was assumed to be caused by a 
systematic transit time error in the pulse-echo technique. Transit time 
corrections were applied in proportion to the magnitudes of the velocities of 
propagation to make the calculated stiffness coefficient agree with the meas-
ured value. These corrections were applied to all the pulse-echo measure-
m_ents and values for the elastic constants were calculated from the corrected 
data. Sample density and thickness over the temperatures involved were 
calculated from room temperature measurements and dilatometric data ob-
tained from a polycrystalline specimen. 
At 300°K, cu= 7.53 x 1011 dyne-cm-2, c 12 = 4.89 x ion dyne-cm-2 and c44 
= 4. 78 x 1 Qll dyne-cm-2 • The maximum uncertainty in these values ia about 
one per cent. The plots of elastic constants versus temperature are roughly 
linear from 370 to 160°K, with definite curvatures at lower temperature11. 
Values for c 11 and c44 increase with decreasing temperature while values for 
c 12 show a slight decrease with decreasing temperature. 
I Doctoral thesis number 1905, submitted May 1, 1957. 
Chairman of Committee, 0. Norman Carlson, Department of Chemistry 
2B.S., Iowa State College, Ames. M.S., ibid. 
Research Assistant, Institute for Atomic Research. 
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PURIFICATION OF PLUTONIUM BY A CHROMATOGRAPHIC METHOD1 
John Augustus Ayres 2 
Department of Chemistry 
In an atomic energy reactor or pile using uranium the two following nuclear 
reactions take place: 
238 u239 239 239 
92u '1,v 7 92 ~ 93Np ~ 94Pu 
u235 
92 __L> Fission products + excess neutrons 
After a certain percentage of the 92 u238 has been transmuted to plutonium 
the uranium is removed from the pile. The plutonium and uranium are sepa-
rated from each other and from the fission products and purified. 
Since the radiation from the fission products is very dangerous any process 
for the separation and decontamination of the plutonium must be carried out 
by remote control with sufficient shielding to protect the operators. In these 
steps the fission products must be removed to such a degree that the final 
purification of the plutonium can be done with only moderate precautions. The 
degree of decontamination is expressed as the decontamination factor, which 
may be represented by the following ratio: 
Activity of fission products present in original 
Activity of fission products present in final 
A procedure for the separation of plutonium from the uranium had been 
developed by Boyd and his co-workers at the University of Chicago. In their 
procedure the uranium from the pile was dissolved in nitric acid and the 
resulting solution was diluted and flowed through a column filled with an ion 
exchange resin. The plutonium was adsorbed on the column while most of the 
uranium appeared in the effluent. The remainder of the uranium was washed 
out with dilute sulfuric acid and the plutonium was then eluted with concen-
trated sodium bisulfate. 
The present research was concerned with the development of an ion ex-
change procedure for decontaminating the plutonium. The method of approach 
waS to use the eluate from the first or separation column as starting material 
and with a suitable reagent form an inner complex salt with the plutonium in 
this solution. The plutonium complex, having no positive charge, would not 
be absorbed by a cation exchange resin and would thus be separated from the 
fission products which were not complexed by this reagent. 
From batch experiments it was found that one reagent, 7-iodo-8-hydroxy-
quinoline-5 -sulfonic acid (ferron), complexed plutonium to form an inner 
complex salt soluble in water. The foril1ula for the resulting ion is probably 
!Doctoral thesis number 820, submitted December 2, 1946. Chairman of 
Committee, F. H. Spedding, Director of the Institute for Atomic Research. 
2A.B., McKendree College, Lebanon, Illinois. M.S., University of Illinois, 
Urbana. Research Associate, Ames Laboratory of the Atomic Energy 
Commission. 
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This ion had a negative charge and was not adsorbed on the cation exchange 
resin at pH valu.es between 5 and 7. At pH values below 7 most of the fission 
products were not complexed sufficiently to prevent adsorption by the resin. 
There was developed and tested out on a pilot plant scale a decontamination 
procedure which combined the above principle for decontamination with the 
separation method of Boyd. In this procedure the eluate from the first or 
separation column was diluted and, after the addition of carriers, was made 
one normal in sodium hydroxide. The precipitated hydroxides were allowed 
to settle and the clear supernatant was drawn off. The residue was dissolved 
in dilute acid and after the resulting solution was diluted and neutralized the 
plutonium in this solution was complexed with ferron. The complexed solution 
was flowed through a column filled with an ion exchange resin in the sodium 
form. The resin used in the experiments is sold under the trade name of 
Amberlite IR-1 and was obtained from Resinous Products and Chemical Cor-
poration. The plutonium, being in the complexed state, and occurring in the 
solution as a negative ion, was not adsorbed on the column and appeared in 
the effluent. The fission products and other impurities were not complexed 
and were consequently adsorbed. 
The complexed effluent contained the plutonium and only a small amount of 
fission products. It was necessary to concentrate the solution and remove 
the complexing agent. In order to do this and at the same time secure an 
additional decontamination the following procedure was employed. 
The complexed effluent from the second column was acidified to a pH of 
Z.5 and flowed through another column {Column III) filled with ion exchange 
resin in the hydrogen form. The plutonium ferron complex is not stable at a 
low pH value. Thus the plutonium exists in solution as a positive ion and is 
adsorbed on the column. The ferron and some of the fission products pass on 
through and appear in the effluent. The column is eluted with a dilute (0. 04M) 
solution of oxalic acid which specifically elutes that part of the zirconium and 
columbium which at this stage still contaminate the plutonium. In the final 
step the plutonium is eluted with a saturated solution of oxalic acid. The 
specific decontamination factors at this stage are as follows: 
Cerium 
Tellurium 
Zirconium 
4.64 x 106 
> 107 
3. l x 103 
Over-all 
Yttrium 
Strontium 
Ruthenium 
i. 73 x lo4 
This procedure has been tested out on a pilot plant scale in a room espe-
cially designed for the process. This room, called the "hot lab", contained 
a large shielded hood in which the various steps of the procedure could be 
carried out using l kilogram of uranium per run. The hood was equipped 
with various connections enabling the operator to perform the necessary 
manipulations by remote control. In this room the entire procedure has been 
tested several times using as starting material some uranium metal from the 
pile at the Clinton Laboratories. The most active slugs have each contained 
about 5 milligrams of plutonium and. about 5 curies of fission products. 
The results are given for these runs showing that it is possible by using 
three columns to·obtain an over-all decontamination factor of 104 - 105 and a 
yield of over 99 per cent. 
The activity remaining in the product solution at this stage is due almost 
entirely to the zirconium and columbium fission products. If an additional 
decontamination is required any procedure might be employed which would 
specifically remove these two contaminants. One method suggested would be 
the use of an additional ion exchange column resembling Column I but much 
smaller in size. This has been tried out on a small scale and has been found 
to give an additional decontamination factor of 100. Thus a four column pro-
cedure would give an over-all decontamination factor of 106 -107 which would 
meet all requirements. 
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Since actual pile material was used as starting material, there is little 
danger that any activity not specifi~ally studied could cause difficulty. How-
ever, the procedure should be tried on a pilot plant scale using Hanford 
material. The laboratory at Iowa State College is not the place for these 
studies since any process using Hanford material even on a pilot plant scale 
would require a very large amount of shielding. 
An additional advantage of the adsorption process over most of the other 
procedures is the fact that the fission products are fractionated in the proce-
dure. Thus by only slight modifications it would be possible to obtain as by-
products pure fission products, useful as tracers or as sources of radiation. 
A flow sheet of the entire process is included showing the flow rates, 
amounts of solution, and concentrations of the solutions used. An adaptation 
of the procedure to a large scale is discussed and an estimate of the size and 
number of columns needed is given. 
INFLUENCE OF HIGH SCHOOL VOCATIONAL AGRICULTURE ON 
FARM MECHANICS PRACTICES USED BY PARTICIPANTS 
IN THE VETERANS FARM TRAINING PROGRAM1 
Wilbur Perry Ball2 
Department of Vocational Education 
The purpose of this study was to determine the effectiveness of farm 
mechanics instruction in departments of vocational agriculture, as indicated 
by the extent to which selected farm mechanics activities had been performed 
on farms of high school graduates who were enrolled in the veterans farm 
training program. 
A farm mechanics schedule which included information about various jobs, 
skills, decisions, and equipment was prepared and administered to veterans 
enrolled in 46 of 160 classes selected at random throughout Iowa. The com-
pleted schedules used in the studywere divided into two groups. These groups 
consisted of schedules completed by veterans who had been enrolled in voca-
tional agriculture from three to four years, during which time the equivalent 
of one to two semesters had been devoted to farm mechanics; and of schedules 
completed by veterans who had not been enrolled in vocational agriculture and 
therefore had not had farm mechanics instruction in high school. 
Of the 56 test items included in the schedule, 29 involved manipulative 
jobs or skills, 15 involved managerial decisions, and 12 involved items of 
farm shop equipment generally found on Iowa farms. These 56 test items 
were selected with the assistance of staff members in Agricultural Engineer-
ing and in Agricultural Education at Iowa State College. 
The sample, which was selected from approximately 1, 100 veterans en-
rolled in the 46 classes, consisted of 357 farmers who had been graduated 
from high school. All of the 119 usable schedules of vocational agriculture 
graduates and the 238 schedules selected at random from approximately 370 
nonvocational agriculture graduates were used to make up the total sample in 
the study. The number of cases used in each of the sampling units, or vet-
erans classes, varied from 4 to 15 because of the variability of the population 
within each class. The enrollment in classes ranged from 14 to 28. 
looctoral thesis number 1823, submitted July 11, 1956. Chairman of 
Committee, John B. McClelland, Department of Vocational Education. 
2B.S., Colorado State College of Agriculture and Mechanic Arts. 
M.Ed., ibid. Instructor, Agricultural Engineering. 
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Chi-square analysis did not reveal very many important differences in the 
responses of vocational agriculture and nonvocational agriculture graduates 
regarding the extent to which each of 44 selected farm mechanics jobs, skills, 
and decisions had been performed. Differences significant at the 5 per cent 
level were found in the cases of one farm mechanics job and one farm me-
chanics decision. Of the remaining 42 farm mechanics jobs, skills, and 
decisions, differences in only two approached significance at the 5 per cent 
level. 
Proportionately, a greater number of vocational agriculture graduates as 
compared to the number of nonvocational agriculture graduates reported the 
following: · 
1. Cleaned and adjusted spark plugs more than once by employing the 
services of outside persons and family members or employees. 
2. Calibrated corn planters more than once by employing the services 
of family members or employees. 
Proportionately, a greater number of nonvocational agriculture graduates 
as compared to the number of vocational agriculture graduates had made the 
following decisions: 
1. Determined more than once the types and sizes of tractor units to 
be purchased. 
2. Decided once to install tile drainage systems. 
When classified on th.e basis of their present farming status, chi-square 
analysis revealed noticeable differences in the responses of vocational agri-
culture and nonvocational agriculture graduates with regard to the perform-
ance of 11 of the 44 selected farm mechanics jobs, skills, and decisions. Also, 
noticeable differences were found in 3 of the 12 selected farm shop equipment 
items. In 3 of the 14 items in all areas differences were significant at the 
1 per cent level. In 8 items, the differences approached significance at the 
5 per cent level. Proportionately, a greater number of vocational agriculture 
graduates classified in the high-status-in-farming group, as compared to the 
number of nonvocational agriculture graduates in the same category reported 
the following: 
1. Adjusted carburetors more than once. 
2. Timed distributors or magnetos more than once. 
3. Repacked and adjusted wheel bearings more than once. 
4. Adjusted corn picker snapping rollers more than once. 
5. Mixed, poured, and cured concrete more than once. 
6. Cleaned the interiors of electric motors more than once. 
7. Wired one or more farm buildings more than once. 
8. Determined once the types and sizes of tractor units to be purchased. 
9. Made decisions once concerning custom hiring of corn pickers. 
1 O. Made decisions more than once concerning the methods to use in 
harvesting crops. 
11. Made decisions more than once to wire farmstead buildings other than 
houses. 
12. Indicated the availability of tap and die sets on their farms. 
13. Indicated the availability of drill presses on their farms. 
14. Indicated the availability of air compressors on their farms. 
When classified on a basis of the number of crop areas operated, there 
were noticeable differences in the responses of vocational agriculture and 
nonvocational agriculture graduates concerning the performance of only 3 of 
the 44 selected farm mechanics jobs, skills, and decisions. In 2 additional 
items the differences approached significance at the 5 per cent level. Of the 
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12 selected farm shop equipment items, only one approached significance at 
the 5 per cent level when classified on a basis of crop acres operated. 
Proportionately, a greater number of vocational agriculture graduates in 
the 160-and-under-crop-acres group, as compared to the number of nonvoca-
tional agriculture graduates in the same category reported the following: 
1. Determined once the types and sizes of tractor units to be purchased. 
2. Made decisions more than once concerning major tractor overhaul jobs. 
3. Used tap and die sets more than once. 
Proportionately, a greater number of nonvocational agriculture graduates 
in the 161-and-over-crop-acres group, as compared to the number of voca-
tional agricultural graduates in the same category reported the following: 
1. Adjusted tractor clutches more than once. 
2. Laid roofing materials more than once. 
3. Cleaned interiors of electric motors more than once. 
Responses of high school graduates to 56 items involving farm mechanics 
activities did not yield evidence to disprove the null hypothesis that there 
were no differences between vocational agriculture and nonvocational agri-
culture graduates when no classification was made of the two groups. Simi-· 
larly, slight evidence was found to disprove the null hypothesis when the two 
groups were classified according to total crop acres operated. However, 
when the graduates were grouped on a basis of present status in fa.rming, a 
number of significant differences were found in the high-status-in-farming 
group to disprove the null hypothesis. Former vocational agriculture students 
we re found to be performing a proportionately greater number of recommended 
farm mechanics activities in certain areas than former nonvocational agri-
culture students. 
VAPOR PRESSURE OF THULIUM METAL AND SOME OF ITS ALLOYS1 
Richard James Bartonz 
Department of Chemistry 
The vapor pressures of thulium metal and the vapor pressures, crystal 
structures, and densities of some thulium-neodymium alloys have been in-
vestigated. The vapor pressures were measured by two modifications of 
the Knudsen effusion method; the weight-lass modification and the target 
condensation modification, the latter using a radioactive tracer technique to 
determine the amount of thulium deposited on the targets. 
The radioactive thulium was prepared by irradiating the metal in an atomic 
reactor and then purifying by vacuum distillation. 
Thulium was found to have a vapor pressure of l X lo-z mm at 850°C and 
a heat of sublimation of 57 .44 Kcal/mole. 
Neodymium is soluble in solid thulium to the extent of about 58 per cent, 
and thulium is soluble in neodymium to the extent of about 25 per cent. The 
intervening region has many of the characteristics of the two-phase region; 
however, the X-ray diffraction patterns indicate it is more complex than a 
simple two-phase region between terminal solid solutions. 
!Doctoral thesis number 1865, submitted December 12, 1956. 
Chairman of Committee, Frank H. Spedding, Department of Chemistry. 
zB.S., Ohio University. Research Assistant, Institute for Atomic Energy. 
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The activities and the activity coefficients for the alloys were determined 
from the vapor pressure data. The thulium phase shows only a small positive 
deviation from ideality. However, in the neodymium phase the alloy at low 
thulium concentration shows strong negative deviation, while ·the two concen-
trations nearer to the two-phase region show marked positive deviation; the 
change from negative to positi~e deviation occurs at'about 8 per cent thulium. 
The heats of sublimation for the alloys investigated are about the same•as that 
of thulium except for the alloy having the lowest. thulium concentration (4. 63 
per cent) whose heat of sublimation is .10. 98 Kcal/mole higher. 
Densities of the alloys were measured and they are lower t\'.ian would be 
expected from a straight line relationship between the two pure components. 
MAGNETIC PROPERTIES OF NEODYMIUM 
AND DYSPROSIUM SINGLE CRYSTALS1 
Donald Ray Behrendt2 
Department of Physics 
Single crystals of neodymium and dysprosium were grown by the Bridgman 
method, and their magnetic properties were measured' from liquid helium 
temperature to room temp,rature. 
Neodymium was found to be paramagnetic from room temperature down to 
20.4 °K. If Xu and X l are respectively the molar susceptibilities parallel and 
perpendicular to the c 0 axis of the hexagonal structure, the experimental data 
1.71 1.73 
for neodymium show that above 145 °K Xu = T + 17 and XJ_ = T + 11: and below 
1.52 1.53 
145 "K Xu = --;y- and X l = T _ 5 . At 4. 2 °K neodymium appears to be anti-
ferromagnetic, exhibiting a six-fold anisotropy in the basal plant in addition 
to an anisotropy of the type shown in the paramagnetic range. 
The magnetic moment of dysprosium was measured with the magnetic field 
along three crystalline directions, these directions being a <l lZO>, a <lOTO> 
and a <:0001> direction. A <l lZO> direction is parallel to a line which passes 
through the centers of atoms which are nearest neighbors in the basal plane, 
and a <l OlO> direction, which is also in the basal plane, makes an angle of 
1t/6 with a <l lZO> direction, while a <0001> is parallel to the c 0 axis. 
Dysprosium was found to be paramagnetic above 178.5°K and antiferro-
magnetic from 85 "K to 178.5°K. Below 85 • K it' is ferromagnetic. Above 
178. 5 °K, the experimental susceptibilities, as defined abov:e, are Xu = 
~ and XL= ~- The saturatio.n magnetic moment determined 
T-121 T-169 
from the ferromagnetic data for dysprosium is 350.5 c.g.s. units per gram, 
which corresponds to an effective magnetic moment per atom of 10 .. 84 Bohr 
magnetons. The effective magnetic moment per atom determined from the 
paramagnetic data is 10. 64 Bohr magnetons, which agrees well with the 
theoretical value of 10. 63 Bohr magnetons for J = 15/2. 
Below about 110 °K, dysprosium exhibits a six-fold magnetic anisotropy, 
which increases with decreasing temperature. The value of this anisotropy 
at absolute zero is 3, 000 oe, and as a result of the six-fold anisotropy, a 
!Doctoral thesis number 1869, submitted December 13, 1956. 
Chairman of Committee, Sam Letvold, Department of Chemistry. 
2B.E.S., Fenn College, Cleveland, Ohio. 
Research Assistant, Ames Laboratory of the Atomic Energy Commission. 
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1120 direction is an easy d.irection of magnetization, while the c 0 axis is a 
hard direction of magnetization, throughout the temperature range which was 
investigated. The anisotropy constant associated with the c 0 axis has a mag-
nitude of 65, 000 oe at absolute zero. The experimental temperature depen-
dences of the two anisotropy energies agree well with Zener 1s theory. 
An interpretatron of the experimental results of dysprosium is given in 
terms of the molecular field theory. The structure of dysprosium is divided 
into two magnetic sublattices, with a strong ferromagnetic coupling assumed 
between the atoms of any one of these two sublattices and with a relatively 
weak coupling of the atoms between the two sublattices. 
Although the experimental results were in good agreement with the predic-
tions of the molecular field theory for the ferromagnetic and paramagnetic 
temperature range~, it was necessary to introduce a second term in the 
coupling between the two subl attices, in order to obtain agreement in the 
antiferromagnetic temperature range. This second coupling term varies as 
the square of the cosine of the angle between the magnetic moments of the 
two sublattices, in comparison to the first coupling term which varies as the 
cosine of the above angle. The exact physical origin of the second coupling 
term is not understood, although a term of this form could possibly be attri-
buted to the effects of magnetostriction. 
CHARACTERISTICS AND PR"ODUCTIVE CAPACITY OF GRENADA 
AND RELATED SOILS IN WESTERN TENNESSEE1 
Frank Fort Bell2 
Department of Agronomy 
During 1954 and 1955, cotton yields, soil tests, and management practices 
were determined on a s,eries of cotton tracts located in farmers 1 fields in 
Haywood and Fayette Counties in western Tennessee. The purpose of the 
investigation was three-fold: (a) to obtain lint cotton yields on important soil 
mapping units under defined levels of management inputs; (b)to develop effec-
tive methods for obtaining accurate crop yields, and information on crop and 
soil management for certain soil mapping units using cotton as an indicator 
crop; (c) tor.elate certain soil characteristics and management inputs to lint 
cotton yield. 
The comparison of the different soil test values within the profiles of the 
selected soils indicates generally higher pH values, greater amounts of avail-
able phosphorus, exchangeable potassium, and exchangeable calcium in the 
surface layers than in the 6 to 12 "layer in most cases. 
The comparison of the soil test values among the corresponding layers of 
the different soil profiles indicates generally greater amounts of exchangeable 
calcium, exchangeable potassium, and available phosphorus in Memphis and 
Loring profiles than in the bottomland soils; but the pH was greater in the 
bottomland soils than in Memphis and Loring soils, probably because of a 
higher percentage base saturation. Generally higher levels of exchangeable 
calcium, exchangeable potassium, and available phosphorus were found in 
Memphis and" ~ring soils than in Grenada soils. Very small differences in 
the soil test values between the Memphis and Loring profiles we:re found. 
Fertilization rate comparisons among soils suggest that farmers recognize 
some chemical and physical differences among soils and apply fertilizer 
!Doctoral thesis number 1860, submitted December 8, 1956. 
Chairman of Committee, F. F. Riecken, Department of Agronomy. 
2B.S.A., University of Tennessee. 
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accordingly, but in many cases they do not recognize certain chemical defi-
ciencies (notably soil reaction) in soils. They also do not recognize certain 
chemical differences among soils, notably available phosphorus levels. 
The available water supplying capacity of the selected soils appears to be 
different among soils and is probably the principal factor causing yield differ-
ences. The probable reasons for the differences in available water supplying 
capacity among soils are: (a) position of the soil on the landscape, (b) its 
infiltration capacity, (c) its available water holding capacity per foot, (d) the 
effective rooting depth of plants, (e) its evaporation losses, and (f) water 
table influences. 
Mean yields of lint cotton from six soils were compared before dividing 
tracts into management classes. Criteria for dividing tracts into manage-
ment classes were formulated, and yields were also compared after dividing 
them into·management classes. 
From the analysis of variance of the means, there appeared to be no man-
agement by soil type interaction in either 1954 or 1955 yield data. However, 
the differences among soils and among managements are both highly signifi-
cant in 1954 and 1955. 
The 1954 and 1955 yields results were compared before management clas-
sification. In 1954, F~laya yields were significantly greater than yields from 
each of the other soils, but the yields on Loring, Memphis, and Grenada we re 
not significantly different. There was no significant difference between the 
1955 yields on Ina and Falaya soils, but yields on these two soils were signi-
ficantly greater than yields on each. of the other soils. There was no signifi-
cant difference between yields on Hymon, Loring, and Memphis soils, but 
yields on these soils were significantly greater than yields on Grenada soils. 
The 1.954 and 1955 yields were compared after management classification. 
The 1954 yields from Falaya at both A and B management were significantly 
higher than yields on any other soil studied at either A or B management. 
There was no significant yield difference between yields from Memphis A 
management, Loring .A management, Loring B management, Grenada A man-
agement, or Memphis B ll)anagement. However, yields from Memphis with 
A management were significantly greater than Grenada B management. 
The 1955 yields from Ina soils with A management were significantly 
greater than. yields on any other soils at either A or B management. But 
there were no significant differences in 1955 yields among Falaya A manage-
ment, Hymon A management, Loring A management, or Memphis A manage-
ment. Yields in 1955 from Falaya and Ina soils with B management were 
significantly greater than yields from Memphis B management or Grenada B 
management. 
The cotton yields obtained in 1955 from all soils were significantly greater 
at A level of management than yields at B level management. However, man-
agement had little or no effect on yields on Memphis, Loring, and Grenada 
soils in 1954. On Falaya soils, yields in 1954 were significantly greater 
under A than under B management. In 1954, moisture was probably the limit-
ing factor on cotton yield on Memphis, Loring, and Grenada soils, but was 
not limiting on Falaya soils. 
The 1954 and 1955 growing seasons were markedly different, both in 
amount and di$tribution of rainfall as well as in mean temperatures during 
the growing season. These differences were reflected in cotton growth and 
yield of cotton to a markedly different degree among various soil mapping 
units and at different management level.a for the same soil. The 1955 cotton 
yields on Loring and. Memphis soils at A management were significantly 
greater than the 1954 cotton yields at A level of management. At B level of 
management the 1955 yields on Memphis, Loring, and Grenada soils were 
significantly greater than 1954 yields, but the mean differences between years 
were about one-half as great at B management level as they were at A level 
of management. No significant difference between the 1954 and 1955 mean 
yields at either level of management on Falaya was found. The yield differ -
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ences between the 1954 and 1955 season on Memphis and Loring soils were 
higher at A than at B management level, indicating that at a higher level of 
management inputs the .cotton plants were able to take fuller advantage of the 
more favorable season than at lower levels of management input& on these 
soils. 
The physical properties, and their effect on watl'r and possibly air and 
certain fertility relations, appear to be more important in producing yield 
differences among soils than do the absolute amounts of exchangeable calcium, 
exchangeable potassiu~, available phosphorus, and the per cent of organic 
matter. The presumed more favorable water relations in the Fala ya soil than 
that in Memphis or Loring soils suggest that root extension, activity, and 
ramification increased the uptake of available nutrients and water, even though 
the absolute amounts per unit weight of soil were less than in Memphis or 
Loring soils. Furthermore, the presumed more favorable water relations 
in the bottomland soils appears to enhance their nitrogen supplying power 
because of the more rapid rate of mineralization of the organic matter, even 
though the absolute amounts of organic matter among soils is not significantly 
different. 
The more favorable physical peoperties and their consequent effect on 
water, air, and fertility relations, as well as the generally higher absolute 
level of exchangeable potassium and exchangeable calcium, may account for 
the difference in yields between Memphis and Grenada soils or between Loring 
and Grenada soils. 
On three-fourths of all the tracts selected, cotton was grown continuously, 
and the more productive soils were cropped preferentially to cotton because 
of the higher return per acre from cotton than other crops grown in the region. 
Farmers also report that they are able to maintain and in many cases increase 
cotton yields under continuous culture with adequate fertilization. 
FIRM-HOUSEHOLD INTERDEPENDENCE AND OTHER FACTORS 
IN RELATION TO USE OF CREDIT BY FARM FAMILIES 
IN GREENE COUNTY, IOWA1 
Gordon Ellsworth Bivens2 
Department of Economics and Sociology 
The specific objectives of this study were: 
1. To determine the purpose for which farm families in the given population 
were using production, consumption, and real estate mortgage credit and 
the sources of such credit. 
2. To investigate attitudes toward use of credit. 
3. To analyze the relationship of selected factors to the use of credit. 
4. To investigate firm-household interrelationships .with particular 
reference to the use of funds. 
'Doctoral thesis number 1929, submitted JuQe 6, 1957. Chairman of 
Committee, Earl 0. Heady, Department of Economics and Sociology. 
2B.S., Iowa State College, Ames. M.S., ibid .. 
Associate, Agricultural Experiment Statio,;:-
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The data reported are from a survey conducted in the spring of 1956 in 
Greene County; Iowa, as part of Iowa Agricultural Experiment Project 1288, 
subproject I (now renumbered Project 1349) entitled "Factors Related to Use 
of Credit by Farm Families." One hundred seven schedules were obtained. 
The purposes for which production credit had been or was being used and 
the sources of such credit were investigated. New machinery and equipment 
was the most common purpose for which credit was used. Feed, oil and gas, 
seed, and machinery and equipment repair were the next most common uses 
of production credit in that order. Renters and owners borrowed for similar 
purposes and obtained credit from similar sources. Banks were the most 
common source of production credit for all purposes. 
The purposes for which consumer credit had been or was being used and 
the sources of such credit were investigated. Automobile purchase was the 
most common purpose for which consumer credit had been used. Banks were 
the most common source of consumer credit except when credit was used 
for television sets, furniture, washing machines, refrigerators, or kitchen 
ranges. In these exceptions, installment contracts from dealers were the 
rno·st common source of credit. 
The purposes for which real estate mortgage credit was used and the 
sources from which it was obtained were investigated. The two most common 
uses of real estate mortgage credit were to purchase the farm on which the 
family lived or to purchase additional land. The third most common use of 
real estate mortgage credit was to refinance a loan which had come due. 
Insurance compariies and other private lending agencies were the most com-
mon sources of mortgage credit for these three purposes. Real estate mort-
gage credit has been used in relatively few cases to consolidate several short 
term debts; however, when credit was used to consolidate short term debts, 
banks were the most common source of credit. 
Certain attitudes of these farm families toward debt were analyzed. In a 
tentative way, these respondents ( 1) exhibited an awareness that borrowed 
funds can serve to further financial progress and/or to achieve greater family 
living satisfactions, (2) indicated a reluctance to assume debt, but (3) indicated 
somewhat'greate·t'willingness to use credit for purchase of real estate and/or 
farm production purposes than for consumption purposes. 
Selected factors were examined in relation to the extent to which credit 
was used. The relationship between age and willingness to assume debt was 
found to be significant. The younger farm operators were more willing to 
assume debt than older farm operators. However, the relationship between 
age and the extent to which credit was used was not significant. 
The relationship between tenure status and the extent of credit use was 
significant; renters made more extensive· use of credit than owners. 
Socio-economic status, used as an indicant of the relative economic posi-
tion of the families in lieu of income data, was found to bear a significant 
relationship to the use of credit. The higher the economic status, the greater 
the extent to which credit was used. Coinciding with this phenomenon was a 
significant positive relationship between socio-economic status and willing-
ness to assume debt. 
Knowledge of sources of credit, costs of credit, and the potentialities of 
credit as a productive resource was found not to be significantly related to 
the extent of credit use. 
The relationship between educational level and the extent of credit use was 
found to be significant; the group which had finished high school made more 
extensive use of credit, than the group with less than 12 years of formal edu-
cation. 
A particular aspect of firm-household interrelationships was examined. 
Since the family is the decision-making unit in the farm setting, conflict 
which exists within the family is a significant phenomenon affecting the us~ 
of resources. To examine differences between spouses, the responses of 
husbands and wives (responses of spouses were given independently) as to 
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their choice with respect to the use of funds for alt~rnative purposes were 
analyzed by means of a paired difference technique. The differences in the 
ways in which a husband and wife would allocate funds became the observa-
tions; if no difference existed the observation was zero. Three major Deci-
sion Categories were aggregated: 
Decision Category I: Situations involving a choice between the use of 
funds for investment in land or for consumption items. 
Decision Category II. Situations involving a choice between use of funds 
for land or for farm production items other than land. 
Decision Category III: Situations involving a choice between a production 
expenditure and a consumption experiditure. 
Differences between age groups with respect to the degree of conflict 
between spouses about the use of funds were not significant. This would indi-
cate that for any given type of decision, the degree of disagreement between 
spouses with regard to the use of funds for alternative uses is similar re-
gardless of age. 
Differences with respect to the type of decision involved were significant. 
This would indicate that the extent of disagreement between spouses with 
regard to the use of funds differs according to the type of decision involved. 
Decisions which involved choices between the use of funds for investment in 
land vs. farm production expenditures gave rise to disagreement between 
spouses in more families than any other type of decision. Decisions which 
involved farm production expenditures vs. consumption expenditures resulted 
in the fewest cases of disagreement between spouses. Decisions which in-
volved the use of funds for land vs. consumption expenditures were interme-
diate with respect to the number of families in which there was disagreement 
between spouses about the allocation of funds. 
The relative consistency with which different types of decisions are made 
was investigated. The difference between sexes· with respect to the degree of 
consistency of choice was nonsignificant. However, the extent to which dif-
ferences in the degree of consistency of choice were associated with the type 
of decision was significant. Men and women followed the same pattern with 
respect to consistency. Both sexes were most consistent with respect to 
situations which involved a choice between the use of funds for production 
expenditure vs. consumption expenditure, and least consistent in situations 
which involved a choice between the use of funds for investment in land vs. 
consumption items. Both sexes were intermediate with respect to consistency 
in situations which involved a choice between the use of funds for investment 
in land vs. farm production expenditures. 
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THE NATURE OF DAMAGE TO FIELD CORN BY THE CORN EAR WORM, 
HELIOTHIS ZEA (BODDIE), AND THE FALL ARMYWORM, 
LAPHYGMA FRUGIPERDA (A. AND S.)1 
Carl C. Blickenstaf£2 
Department of Zoology and Entomology 
The lack of published data on the location and amount of damage caused by 
larvae of the corn earworm, Heliothis zea (Boddie), and the fall armyworm, 
Laphygma frugiperda (A. and S.), whe-;;-Qccurring together on ears of field 
corn, indicated the desirability of a more thorough study. This is especially 
important since damage caused by one species, once it has occurred, cannot 
be definitely distinguished from that of the other. Recent surveys of field 
losses caused by the corn earworm in Indiana and Illinois point up the need 
for rapid, accurate methods of estimating loss caused by the corn earworm. 
Studies on the location of larvae and resulting damage to the ear and on 
methods of estimating percentage weight loss were conducted at Tifton, Geor-
gia, where both species commonly occur in mixed populations, particularly 
on late season corn. 
Location of Larvae and Damage 
A date-of-planting experiment was conducted in 1956 using Dixie 18, the 
hybrid most widely grown in the South. Seven successive plantings at approx-
imately two-week intervals were made beginning on March 20 and ending on 
June 18. Plots were randomized in four replicates. Important factors other 
than worms in the ears affecting the plantings were weather, seed source, 
attack by the lesser cornstalk borer, Elasmopalpus lignosellus, and fall 
armyworm feeding in whorls. The four earliest plantings developed more or 
less normally. Dry weather caused poor germination in the May 16 planting, 
and severe wilting in the June 1 planting at the midwhorl stage. Likewise 
dl"ought caused the ears of the May 16 planting to be poorly filled at the tips. 
The last three plantings were made with seed from a different source which 
produced many plants with sterile tassels. The earlier of the three plantings 
set seed normally. Damage to young plants by the lesser cornstalk borer 
became increasingly. severe on later plantings causing poor stands, variable 
in maturity, in the last two plantings. Fall armyworm infestations in the 
whorls of the last planting caused considerable "ragging" of the leaves. The 
location on the ear (tip, side, butt, shank and husks) and size of larvae(small, 
medium and large) were determined for approximately 400 top ears of each 
planting date at the roasting ear stage, for approximately 40 ears two weeks 
later, and approximately 40 ears again two weeks later. 
At the roasting ear stage, the average number of all larvae observed per 
ear, and the percentage of the total composed of corn earworms were: March 
20, 0.69 (100); March 29, 0.40 (100); April 16, 2.26 (100); April 30, 2.02 
(99.8); May 16, 2.16 (79.5); June 1, 1.89 (44. 7); and June 18, 2.33 (39.2). 
The number of corn earworm and fali armyworm larvae per ear decreased 
at the two- and four-week dissections. The number of corn earworm larvae 
decreased rapidly and no small larvae were recorded at the time of the four-
week dissection. Fall armyworm feeding thus occurred over a longer period 
of time on ears than did corn earworm feeding. As the number of fall army-
IDoctoral thesis number 1861, submitted December 11, 1956. Chairman of 
Committee, Tom A. Brindley, Department of Zoology and Entomology. 
zB.S.A., Purdue University, Lafayette, Indiana, M.S., Iowa State College, 
Ames. Graduate Assistant, Agricultural Experiment Station. 
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worm larvae per ear increased beginning with the. April 30 (>lanting, the num-
ber of corn earworm larvae decreased. At the Same time mdth populations 
of both species were high as shown by light trap collections. The majority 
of corn earworm larvae of all sizes were found in the ear tips. Small corn 
~arworm larvae were distributed over the ear more than larger larvae. Lar-
vae of all sizes were more widely distributed among ear locations after the 
appearance of fall armyworm larvae. The majority of fall armyworm larvae 
of all sizes were found in the husks. They were distributed more over the 
ear th~n were_ c;;orn earworrn larvae, but from 25 to 35 per cent were in the 
ear tips. 
Medium and large larvae feeding in the tip, side or butt were considered 
separately as the "damaging population" in contrast to the total population. 
The distribution of the damaging population differed greatly from that of the 
total pppulation, but corresponded closely with the distribution of damaged 
kernels at harvest time. At the roasting ear stage, 99. 7 per cent of the larger 
corn earworm larvae were in the tips of ears of the first four plantings (be-
fore the appearance of fall armyworms), and 95.2 per cent were in the tips 
on the last three dates (when fall armyworms were present). Over the last 
three dates 76.4 per cent of the larger fall armyworms were in the ear, tips. 
At dissections made two and four weeks following the roasting ear stage, corn 
earworrn larvae tended to be more scattered over the ear and fall arrnyworm 
larvae more concentrated in the tips. In this experiment, the major portion 
of the damaging population of both species occurred in the ear tips. Both 
species fed on kernels at the side and butt, but larvae of the fall armyworm 
were observed to do so. more readily than corn earworm larvae. 
Methods of Estimating Per Cent Weight Loss 
Ten. southern hybrids consisting of seven experimental hybrids, Coker 911, 
Georgia 103, and Dixie 18 were selected to evaluate per cent weight loss 
because of their differing ear and injury characteristics. Each entry was 
planted in 40-plant plots and replicated fo\lr times. Significant differences 
among entries .were found for the falloWing measurements: husk tightn·ess; 
husk extensioll; number of second ears; yield of top and second ears sepa-
rately, but ,not c.ombined; ear length; number of rows per ear; ear 'Weight; 
kernel weight; and extent of damage in terms of kernels, depth of penetration 
in inches, and shelle.d weight·. Second ears sustained less actual damage but 
a higher percentage weight loss than top ears. This is attributed to the fact 
that they have Jonger, tighter husks and smaller ear size. 
Three indic.es of percentage weight loss were calculated for top ears of 
each hybrid a.nd the.ir correlations with actual percentage weight loss com-
pared. The. indices and their correlations with actual percentage weight loss 
were: (1) damaged kernels divided by total kernels (DK/TK) from . 93 to . 99; 
(2) length of worm penetr.ation on the ear divided by length of ear (DP /L) from 
• 69 to . 83; and. (3) length of worm penetration on the ear divided by length 
of ear times. n~mber of rows of kernels (DP/L.R), . 71 to . 85, All of these 
indices were·' expressed as percentages. Regression coefficients for top ears 
pooled over the ten hybrids and passing through the origin were . 8646, . 2859, 
and 3. 814.,fespectively. For second ears using the index DP/L, regression 
coefficients did not vary consistently from those for top ears and thus were 
considered to be essentially the same for both. 
Regression equations determined from the ten hybrids were applied to 40 
samples drawn in a restricted random manner from a uniformity block of 
Dixie 18. Samples contained 10, 15, 20, or 25 consecutive ears, there being 
ten samples of each size. Based on confidence intervals, standard deviations, 
coefficients of variation, and analyses of variation, it was coneluded that (1) 
the regression us fog DP /L, estimates a~tual percentage weight lo.ss as well 
as that using TK/DK except perhaps in small plots where a ·high de'gree of 
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accuracy is desired, (2) in estimating percentage weight loss for a large 
population, larger samples in one or two locations would provide as good an 
estimate as smaller scattered samples, and (3) that samples larger than 25 
ears would be necessary to appreciably increase the accuracy of estimating 
a population mean. 
The use of length measurements, DP/L, as an index of percentage weight 
loss is greatly enhanced by the ease and rapidity with which they may be 
obtained in the field as compared to kernel counts, DK/TK. 
A regression equation based on length measurements and obtained by pool-
ing over ten hybrids, which varied significantly for several ear character-
istics, estimated closely the percentage weight loss occurring in Dixie 18, 
the most widely grown hybrid in the South, at the level of damage studied. 
ELECTRICAL PROPERTIES OF EVAPORATED CARBON FILMS1 
M. Donald Blue 2 
Department of Physics 
Uniform thin films of carbon in the thickness range 100 to 2300 Angstroms 
have been prepared by arc evaporation in vacuo. Large direct currents 
permitted evaporation rates of approximately 50 Angstroms per second. The 
properties of these films suggest that unannealed arc evaporated carbon had 
less long-range order and was, therefore. more truly amorphous in structure 
than any other form of carbon yet obtained. After the films had been heated 
to 1200°K, however, their properties were similar to ordinary fine particle 
carbon blacks, apparently as a result of increased ordering in graphite layers 
without ordering between layers. Electron diffraction pictures were similar 
to the x-ray diffraction pictures of fine particle carbon blacks. No structure 
was visible with an electron microscope. The electrical resistivity of unan-
nealed films followed Ohm's law, was not photosensitive, and could be well-
represented in the temperature range 77°K to 300°K by the equation R =AT-b, 
where b = 5. When the carbon films were heated above room temperature, 
the resistivity and the exponent b were both decreased substantially. After 
the films had been annealed at 1200 "K, the resistivity was reduced by a factor 
exceeding 800, and could be best represented, in the temperature range 77 °K 
to 1200 °K, by the equation R = ex - T. The values of the resistivity, tempera-
ture coefficient of resistivity, and thermoelectric power of the annealed films 
were then more nearly in agreement with the corresponding values for ordi-
nary fine particle carbon blacks. Hall voltages were not large enough to be 
observed. No infrared absorption bands indicating possible bond resonances 
were observed. The effects of absorbed gases, thermo-mechanical effects, 
and structure dependent effects, are briefly considered, and some possible 
applications of the properties of these carbon films are discussed. 
lDoctoral thesis number 1826, submitted July 12, 1956. 
Chairman of Committee, P.H. Carr, Department of Physics. 
2B.S., Iowa State College, Ames. M.S., ibid. 
Research Assistant, Ames Laboratory of the Atomic Energy Commission. 
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SIMILITUDE IN INVESTIGATIONS OF TILLAGE IMPLEMENTS' 
Clarence William Bockhop2 
Departments of Agricultural Engineering 
and of Theoretical and Applied Mechanics 
Tillage is one of the oldest and most important branches of agriculture; 
however, there is much research to be done before the many soil variables 
that influence tillage equipment design can be adequately defined. This study 
investigates a possible procedure for the use of similitude in tillage investi-
gations. 
To develop the procedure, two scale models of a standard 26-inch disk 
were used, a 5-inch diameter disk and a l 0-inch diameter disk. By utilizing 
the Buckingham Pi Theorem, and the theory of models, eight dimensionless 
quantities were determined, with the function established as follows: 
where 
~ = f t..i• ~:. U, a, (3, m, c 
L 
R 
t.. j 
d 
v 
g 
u 
a 
{3 
m 
c 
= 
diameter 
resultant force 
all other pertinent lengths 
density of the soil (wet basis) 
velocity 
acceleration of gravity 
ratio of the coefficient of friction of aluminum/soil 
to steel/soil 
angle of inclination 
disk angle 
moisture content in per cent 
clay content in per cent 
In the experiment, the 5-inch disk was considered the model; and the 10-
inch disk, the prototype. By designing the experiment so that all independent 
dimensionless quantities on the right hand side of the equation are equal in 
the model and the prototype, one can expect the quantity R in the model and 
prototype to be equal. L3d 
Equipment was constructed to facilitate the conduct of tillage experiments 
under laboratory conditions. Soil boxes were constructed for the various 
soils tested. The soil box was propelled by an electrically powered drive 
assembly. The soil-engaging implement being tested was held stationary 
with means provided for adjusting the furrow width and depth and the disk 
angle and angle of inclination. 
The implement being tested was attached to a sensing device consisting 
of a frame suspended by six load rings. The external forces acting on· the 
implement were determined by the measurement of the bending strains in the 
load rings through the use of SR-4 strain gages. The signal from the gages 
was amplified and recorded by an electric-stylus recording oscillograph. An 
event marker on the oscillograph made possible the determination of the 
relative velocity of the disk. 
The recorded measurements were converted to the magnitude of the 
measured forces by the use of calibration constants. The forces constituted 
lDoctoral thesis number 1925, submitted June 5, 1957. Chairmen of 
Committee, Kenneth K. Barnes, Department of Agricultural Engineering 
and Glen Murphy, Department of Theoretical and Applied Mechanics. 
2B.S., Iowa State College, Ames. M.S., ibid. 
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a noncoplanar, noncollinear, nonconcurrent force system with the resultants 
being an external force and an external moment. Through the use of a 
6-channel recorder, the forces on the load rings V1ere determined sumultane-
ously; which permitted the determination of the location of the forces and the 
determination of the exter,:.al moment. 
Tests were conducted in four different soils; sand, Ida silty loam, Colo 
silty clay loam, and Luton si1ty clay. These provided clay contents ranging 
from l. 6 per cent to 51. 2 per cent. Tests were run in sand at three different 
moisture levels; in Ida silty loam, at four different moisture levels; in Colo 
silty clay loam, at three different moisture levels; and in the Luton silty clay, 
at one moisture level. 
Both the 5-inch and the 10-inch disks were operated in the same packing, 
at the same moisture level, and at the same value of n 3 ( ~:) • The results 
for both disks were plotted and the equations determined by linear regression. 
The t test at a 95 per cent level of significance indicated that a difference 
existed between the results of the two disks, although the differences were 
relatively small in soils of low clay content, and higher in soils of high clay 
content. While the lack of complete agreement indicated a possible inade-
quacy of the original variables in defining foe soil properties, the results 
indicated that the similitude procedure can be used effecti:i:ely: 
The coefficient of friction for aluminum was determin\,d by measuring 
the force required to pull a weighted aluminum slider over the surface of the 
soil. The coefficient of friction for aluminum is about 50 per cent greater 
than the coefficient for steel. 
The use of similitude in predicting field results was demonstrated by pre-
dicting the draft force for a disk plow operating under field conditions. The 
effect of organic matter and the effect of the crop could not be included in the 
prediction, but the method of similitude was demonstrated with an indication 
that it could be utilized extensively in tillage research. 
The following conclusions can be drawn from this research: 
1. The principles of similitude can be effectively utilized in tillage inves -
tigations to determine the influence of soil and implem~,,_t variables upon the 
resultant external forces on tillage implements. ·-.... 
2. To develop a precise prediction equation for the resultant forces acting 
upon a disk, additional work is needed to determine the influence of all perti-
nent variables upon the resultant forces. 
3. The external forces imposed upon a disk can be resolved into a result-
ant force and couple. The resultant force can be located by at least six points 
of force measurement. 
4. The principles of similitude can be utilized effectively in predicting the 
forces on a disk used in the field. It must be realized that the accuracy will 
be dependent upon whether or not the effect of all field variables can be de-
termined. 
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EVALUATION OF :PARTICLE-SIZE EFFECTS OF 
SOLUBLE PHOSPHATE FERTILIZERS1 ' 
David Ritchey Bouldin2 
Department of Agronomy 
Experimental comparisons of plant response to granulated and pulverized 
forms of soluble phosphate fertilizers have not revealed any consistent dif-
ferences. In some instances the pulverized form is better than the granular 
form, in others the reverse is true, and in still others the two forms appear 
to be of equal value. Presumably, these differences in behavior are asso-
ciated with the properties of the soil to which the fertilizer is added; however, 
no previous investigation has been made of the causal relationships. 
Available evidence in the literature indicates that fertilizer phosphorus 
additions do not become uniformly distributed throughout the cultivated layer 
of soil for periods of time at least as long as one cropping season: '{The con-
centration of fertilizer phosphorus in the soil. is greatest at the ·~ource and 
decreases approximately linearly with increasing distance from the source. 
The volume of soil affected by unit quantity of fertilizer phosphorus decre'!-ses 
with increasing particle size. To explain the effects of fertilization ori 'phos -
phorus availability under such circumstances, the hypothesis was de~eloped 
that the increase ir. the availability of phosphorus associated witq an' addition 
of fertilizer phosphorus may be represented bythe summationof the increases 
in availability of phosphorus in the individual volume units of soil into 'which 
the fertilizer phosphorus moves. The increase in availability may ·differ 
from one volume unit to, another. Stated in mathematical terms, 
n 
A L GiVi (1) 
i = l 
where A is the increase in phosphorus availability associated 
with an application of fertilizer phosphorus, 
Gi is the availability of the fertilizer phosphorus per. 
unit volume of soil, and _, , 
vi is the volume of soil containing fertilizer phosphorus 
with an availability Gi per unit volume. 
~y.consideration of equa:tion (1) in a qualitative way, A may be shown to in-
crease, to remain constant, or to decrease as the particle size of the added 
fertilizer increases. 
Equation (1) was evaluated in the laboratory from the distribution of ferti-
lizer phosphorus around the particles and from the extractable fertilizer 
phosphorus per unit volume of soil. In comparing the numerical values 
obtained from the laboratory measurements with the relative availabilities 
found from plant-growth measurements, the assumption was made that the 
availability of the fertilizer phosphorus to plants was a unique, single-valued 
function of the concentration of fertilizer phosphorus per gram of soil and 
that the extractable phosphorus was proportional to the uptake of phosphorus 
by plants. 
To obtain the necessary volume measurements, a technique was devised 
utilizing phosphorus -32 immobilization by microorganisms. The principle 
!Doctoral thesis number 1832, submitted July 31, 1956. 
Chairman of Committee, C.A. Black, Department of Agronomy. 
2B.S., Kansas State College, Manhattan. M.S., Iowa State College, Ames. 
Graduate Assistant, Agricultural Experiment Station. 
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underlying the method is that if the native inorganic phosphorus of a soil has 
been tagged with phosphorus_-32, the microorganisms in the soil will convert 
some of the phosphorus-32 into organic forms. The organic phosphorus-32 
can be measured. If a particle of nontagged fertilizer is added to this soil, the 
_quantity of phosphorus -32 incorporated into the organic form will be smaller 
in the volume of soil affected by the phosphorus from the nontagged fertilizer 
than is the remainder of the soil. The content of organic phosphorus -32 thus 
is a function of the volume of soil influenced by nontagged phosphorus ferti-
lizer. According to this method, the volumes of a sample of Seymour silt 
loam influenced per milligram of fertilizer phosphorus were 4. 95, 3. 90, 3. 16, 
and Z. 83 cm3 with 28 to 32, 16 to 20, 12 to 14, and 8 to 10-mesh sizes of 
NaH2P04 • H20 fertilizer, respectively. No quantitative results were obtained 
with samples of Ida silt loam and Webster silty clay loam. · Qualitatively, 
however, the volume of soil influenced by fertilizer phosphorhs appeared to 
decrease with increasing particle size of fertilizer in both soils. In all soils 
the volumes of soil affected by fertilizer phosphorus were assumed to be 
spheres in whic_h the concentration of fertilizer phosphorus decreased linearly 
from a maximum at the source of the phosphorus in the center to zero at the 
outer boundary of the sphere. · 
To find the extractable fertilizer phosphorus as a function of the quantity of 
fertilizer phosphorus per unit of soil, samples of soil were treated with small 
amounts of solution containing various concentrations of fertilizer. In this 
procedure homogeneous distribution of fertilizer phosphorus throughout 'the 
whole soil sample was obtained. After allowing a suitable time for reaction, 
water and an anion-~xchange resin were used to extract the more reactive 
part of the fertilizer phosphorus. Phosphorus-32 equilibration was tried also, 
but this was found to measure the total fertilizer phosphorus. Empirical 
relationships were ca!eulated between the phosphorus added and the phosphorus 
extracted. 
The empirical equations calculated from the chemical measurements were 
combine·d with th~ assumed linear distribution of phosphorus around the par-
ticles, and 'equation (1) was converted to an integral involving volume of soil 
influenced by fertilizer as a parameter. The integral then was evaluated as a 
function of si:.ii' volume influenced by fertilizer. 
With the Seymour silt loam, the estimated relative availabilities of the 
phosphorus obtained from laboratory measurements were approximately pro-
portional to the observed relative availabilities found for the different particle 
sizes by growing plants in cultures of the various soils in the greenhouse. 
With the .Webster silty clay loam, the estimated relative availability obtained 
from laboratory measurements increased as the volume of soil influenced by 
fertilizer decreased. Thus, if the volume of soil influenced by fertilizer 
decreased with increasing particle size, the laboratory results predict an 
increase i;,. av'ailability of the fertilizer phosphorus with increasing particle 
size. This behavior is in agreement with the plant-growth results. With the 
Ida silt loam, the estimated relative availability passed through a minimum 
at a volume of 4 cml of soil infhlenced per milligram of fertilizer phosphorus. 
Thus with this soil the laboratory results agree with the greenhouse results 
if the volume of soil influenced by the fertilizer exceeded 4 cml per milligram 
of fertilizer phosphorus and if the volume decreased with increasing particle 
size. 
The results in general indicate that equation ( 1) is useful in fertilizer 
ev.aluation studies. Although many crude approximations were made in this 
investigation, the differences to be explained probably were great enough to 
justify these approximations. The usefulness of equation (1) would be much 
improved if more precise means of evaluating the fertilizer phosphorus dis -
tribution were available. The microbiological method describeo in this thesis 
could probably be improved with further work, but it is doubtful that the linear 
approximation for phosphorus distribution could be eliminated. 
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GROWTH, YIELD AND SITE REQUIREMENTS OF EASTERN COTTONWOOD1 
Raymond Hugo Brendemuehl2 
Departments of Forestry and of Agronomy 
The objectives of this investigation were: (1) to obtain a numerical des -
cription, including growth and yield, of naturally-formed cottonwood stands 
growing on different flood-plain sites, and (2) to describe the soils supporting 
such cottonwood stands and determine the soil properties and growth factors 
most important in controlling growth and yield. 
Th.e basic measurement data used in describing the cottonwood stands were 
obtained from 66 temporary sample plots located in pure, even-aged stands 
along the Missouri River in western Iowa, and the Iowa, Cedar, Des Moines, 
and Mississippi Rivers in southeastern Iowa. From these data the following 
tables and/or graphs were derived: site index, number of trees per acre, 
stand basal area, board-foot yields (International O. 25-inch log rule), mean 
annual growth in board-feet {International 0. 25-inch log rule), stand table and 
stand density index. These tables show how stand characteristics, site index, 
growth, and yield vary with site quality over the range of conditions inves -
tigated on the flood plains in Iowa. These tabulations also set an average 
standard which may be useful in guiding the silviculture and management of 
cottonwood growing on the bottomlands in Iowa. 
The relationship between soil properties and the growth of cottonwoQd was 
studied on field plots and by means of pot experiments with cottonwood seed-
lings. 0 The field ~tu.dy was limited to 36 plots covering the range of site quali-
ties encountered in the growth and yield study. The field soils were all allu-
vial ranging in texture from coarse sands to clays. Measurements of the 
physical and chemical properties of each of the principal layers of the soils 
on the 36 plots included mechanical analysis, moisture equivalent, wilting 
percentage, capillary porosity, aeration porosity, total porosity, bulk density, 
pH, dilute acid-soluble phosphorus, initial nitrate nitrogen, and nitrate nitrogen 
production after two weeks' incubation. Cottonwood foliage collected from 
these same plots was analyzed for its nitrogen and phosphorus content. 
Indirect measures of the moisture available for the growth of cottonwood, 
designated as available moisture capacity and moisture storage capacity, 
were correlated with height growth {measured as site index) at the . 01 proba-
bility level of significance. 
Soil texture was related to growth. Site index increased significantly when 
the depth to a soil layer containing more than 50 per cent sand increased. The 
silt fraction and the silt plus clay fraction of the soil were correlated signifi-
cantly and in a positive manner with site index. The correlation of site index 
with the clay fraction, for the range of conditions investigated, was nonsignifi-
cant statistically. 
The correlation of site index with aeration porosity approached significance 
at the • O~bability level suggesting this soil characteristic may be limiting 
growth of cottonwood in some instances. Site index was not significantly cor-
related with the bulk density or total porosity of the field soils examined. 
Greenhouse experiments with cottonwood. seedlings, however, showed that 
growth decreased significantly as bulk density increased in four steps from 
1. 08 to 1.40 at moisture levels equal to the moisture equivalent and to satura-
tion. Failure to obtain a significant correlation between bulk density and 
•Doctoral thesis number 1930, submitted June 7, 1957. 
Chairmen of Committee, A. L. McComb, Department of Forestry 
and F. F. Riecken, Department of Agronomy. 
2B.S., University of Minnesota, Minneapolis. M.S., Purdue University, 
Lafayette, Indiana. Instructor, Forestry. 
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cottonwood growth on field plots may be due to the confounding influence of 
other factors, 
With cottonwood seedlings in pots, a moisture level representing the mois-
ture equivalent was most favorable to growth on soils with a low bulk density 
whereas a lower moisture level was more favorable on soils with a high bulk 
density. Moisture levels near saturation were least favorable to the growth 
of cottonwood seedlings despite the fact cottonwood is a flood-plain species 
and is often considered adapted to growth in very wet soils. 
The nitrate nitrogen production of the soil from the field plots after 2 
weeks 1 incubation was significantly correlated at the . 01 probability level with 
site index and with foliar nitrogen concentrations. The correlation between 
foliar nitrogen and site index was positive and significant at the ,01 probability 
level. Dilute acid-soluble soil phosphorus was positively correlated with site 
index at the . 05 level of probability. Foliar phosphorus was not significantly 
correlated with dilute acid-soluble soil phosphorus nor with site index. Cot-
tonwood seedlings in a 3 x 3 x 3 factorial greenhouse experiment using an acid 
low nutrient level soil common to certain areas of southeastern Iowa showed 
a marked response to phosphorus and nitrogen fertilization. Potassium de-
pressed seedling growth significantly when applied at the rate of 380 pounds 
of KC! per acre to the base soil with 50 pounds exchangeable potassium per 
acre. The field soils, in preliminary tests, showed more than 400 pounds of 
exchangeable potassium per acre, an amount not considered to be deficient 
but which may be in excess in light of the seedling experiment. 
The results call attention to the importance of available moisture and the 
nitrate production capacity of the soil for satisfactory growth of cottonwood. 
These two factors explain about 50 per cent of the observed variation found 
among the field plots. Soil aeration and the nutrients, potassium and phos-
phorus, .the .former in excess concentrations; and the latter indefi.cientam<lunts, 
may account for part of the still unexplained cottonwood growth variation found 
to exist on the bottomland sites in Iowa. A soil approximately neutral in re-
action, of sufficient depth and of such texture so as to have adequate moisture 
holding qualities, and of medium fertility seems necessary for satisfactory 
growth of cottonwood. Cottonwood does not appear suited to reforestration of 
the acid, low fertility upland or bottomland soils of southeastern Iowa. 
ETIOLOGY OF AND SCREENING METHODS FOR 
CERCOSPORA DISEASE OF ALFALFA1 
Raymond Dale Brigham' 
Departments of Agronomy and of Botany and Plant Pathology 
Cercospora disease of alfalfa, caused by Cercospora medicaginis Ellis 
and Everhart, is an important fungus disease of alfalfa from the central to 
the eastern United States. Breeding for"l'esistance to this disease has been 
hampered by lack of an effective technique for selecting resistant plants. The 
purpose of this investigation was to develop a screening method for detecting 
resistant genotypes under greenhouse conditions, to eompare field disease 
ratings with greenhouse ratings, and to study further the causal organism 
and its effect on the host plant. 
!Doctoral thesis number 1922, submitted June 4, 1956. 
Chairmen of Committee, C.P. Wilsie, Department of Botany 
and I, J. Johnson, Department of Agronomy. 
'B, S., Texas Technological College, Lubbock. Graduate Assistant, Botany. 
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In the field, alfalfa clones, rated on a 1 to 9 scale, were ranked consistently 
for disease reaction under field conditions, and significant differences in dis-
ease resistance were found among clones. Alfalfa varieties .were not ranked 
as consistently for disease reaction as clones either in the field or in the 
greenhouse. Forage yields of alfalfa varieties sprayed with fungicides were 
not significantly different from unsprayed plots. 
The number of Cercospora spores entrapped on a silicone-coated slide was 
greater when moisture conditions were favorable. Typical lesions were pro-
duced in 13 days on spaced plants and seedlings inoculated under moist cham-
bers, using mycelial suspensions and infested stems. 
Greenhouse inoculations of alfalfa plants with mycelial fragments of C. 
medicaginis in , l per cent Tween 20 solution were successful. Plants in p;;ts 
were inoculated, placed in small moist chambers covered with translucent 
plastic sheeting, and incubated 5 days. Typical lesions appeared in 14 days 
at temperatures of 70 ° to 75 ° F. 
Index of infection values were obtained for each plant. The foliage area 
was divided into five equal zones from top to bottom, and lesions were counted 
on the center leaflet of a randomly-selected leaf from each zone. The sum of 
the five figures was the index of infection. 
To compare the amount of cinfection produced by mycelial fragments and 
spores, duplicate sets of plants were inoculated. More lesions were produced 
on alfalfa leaves by spore suspensions (mean index of infection 16, 5) than by 
mycelial suspensions (mean index of infection 11. 5). 
Alfalfa cuttings and seedlings grown in soil showed more typical disease 
symptoms after inoculation than those grown in Vermiculate. Cuttings and 
seedlings eight to ten weeks old were more satisfactory for screening studies 
than younger plants, since enough leaves for dependable symptom expression 
are needed. Inoculations in dew deposition chambers showed that excessive 
moisture reduced amount of infection. Most lesions developed at 70 ° to 80 °F. 
Index of infection values for 30 alfalfa clones inoculated in the greenhouse 
were significantly correlated (r = • 38) with field disease ratings. Relation-
ships of index of infection values for the 30 clones and their S1 progenies was 
expressed by a significant correlation coefficient of. 52. Clones and progenies 
were ranked consistently for disease reaction, but two or more replicated 
tests are recommended when screening clones. 
Alfalfa, red clover, sweet clover, and Ladino clover were cross-inoculated 
with isolates of Cercospora species from alfalfa, red clover, and sweet clover. 
The isolate from alfalfa parasitized alfalfa only, but isolates from red clover 
and sweet clover produced atypical lesions on hosts other than the species 
from which they were isulated. 
As part of a long-term search for disease resistance and genetic markers 
in alfalfa, X-rays were applied to seeds of diploid and tetraploid alfalfas. 
Seeds of the alfalfa variety Vernal, irradiated at ten dosage levels from 2, 500 
to 640, 000 roentgen units, produced seedlings which emerged normally except 
at the highest dosage level. No seedlings survived more than a few weeks at 
dosages above 80, 000 roentgen units. Dosage levels of 20, 000, 40, 000, and 
80, 000 roentgen units were applied to seeds of three diploid and three tetra-
ploid alfalfa varieties. Diploid plants were found more resistant than tetra-
ploid plants. 
Crude protein, ether extract, ash, and crude fiber were determined by 
chemical analyses of alfalfa leaves with 0, 1/8, 1/4, and 1/2 of their surface 
area infected with g. medicaginis. Crude protein content in healthy leaves 
was 33.12 per cent, compared to 20.00, 18.06, and 18.12 per cent for leaves 
1/8, 1/4, and 1/2 diseased. Forty per cent less crude protein was found in 
leaves 1/8 diseased than in healthy leaves. A small decrease was found 
from 1/8 to 1/4 diseased leaves. 
g. medicaginis spores were picked from sporulating areas on leaves and 
stems with an agar-coated needle, Sporulation and production of viable spores 
occurred in 6 hours when infested alfalfa stems were placed in Petri dish 
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moist chambers. Mean length of 231 spores in distilled water was 165 mi-
crons, and mean width was 3, 95 microns. 
Conidial and mycelial fragments were mounted in distilled water and .1 
per cent Tween 20 solution, Germ tubes from spores and hyphae from myce-
lial fragments were produced in less than 6 hours at 15 ° to 30 •c. Growth of 
germ tubes from spores was greater than growth of hyphae from mycelial 
fragments. No significant differences were found in germ tube or hyphal 
growth when distilled water and Tween 20 solution were used as substrates. 
Infested stems of alfalfa were found to support sporulation of C. medica-
ginis after storage for 17 months in the laboratory, greenhouse, and o~s. 
Si· medicaginis grew satisfactorily on PDA at pH 5, 7, and 9. On nonacidi-
fied PDA and other dehydrated media, newer isolates produced a trace of 
sporulation, but old isolates did not. New and old isolates sporulated on four 
fresh leaf decoction agars, with more sporulation on new isolates. Spores 
were produced in culture on fresh leaf decoction agars, but not in sufficient 
amounts for a large screening program. 
Detached alfalfa leaves, on cotton moistened in distilled water and in 2 per 
cent sucrose solution, became infected by spores in 8 days. At 14 days, 
leaves were infected by both spores and mycelial suspensions, but severe 
chlorosis and other abnormalities prevented expression of normal symptoms. 
Lesions produced on leaves were atypical, and fruiting was abnormal. 
The name "Cercospora disease of alfalfa" is proposed for all phases of 
disease on alfalfa caused by Si· medicaginis. 
ADJUSTMENT OF VALUE PRODUCTIVITY ESTIMATES TO CHANGES 
IN PRICE AND TECHNICAL RELATIONSHIPS1 
David William Brown2 
Department of Economics and Sociology 
Continuing estimates of the returns to resources used in agricultural pro-
duction can help the various components of economic society to achieve their 
respective goals. Several analytical tools have been used to estimate re-
source returns in agriculture. One of these procedures involves the use of 
income functions that have been derived from farm records. However, the 
usefulness of estimates from these income functions is restricted in that they 
are oriented to specific price and physical input-output relationships. 
The objective of this study was to explore the possibility of adjusting em-
pirical income functions for changes in {l) product and resource prices and 
(2) the physical production associated with any selected input combination. 
No attempt was made to test fully the accuracy of the estimates which result 
from the adjusted functions. Rather, this study proposed and appraised 
several alternative procedures that might be used to make these adjustments 
within the limits of the information actually available. 
The problem was approached in the following manner. First, alternative 
schemes for incorporating changes in prices and physical input-output rela-
tionships into the estimating equations were suggested. Then, possible ways 
for determining the extent to which prices and production responses had 
changed were considered. Finally, the adjustment procedure which seemed 
!Doctoral thesis number 1851, submitted November 23, 1956. Chairman of 
Committee, Earl O. Heady, Department of Economics and Sociology. 
2B. S., University of Connecticut, Storrs. M. S., Cornell University, Ithaca, 
New York. Graduate Assistant, Agricultural Experiment Station. 
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to be most appropriate under the existing restrictions in information was 
selected and its use illustrated with an empirical example that drew on actual 
farming experience in Iowa. 
It was suggested that the adaptation of income functions to changes in prices 
and physical production responses may be achieved in any of three ways: (1) 
adjustment of the basic input and output data to which the original functions 
have been fitted, (2) adjustment of the parameters of the original estimating 
equations, or (3) adjustment of the original estimates of resource returns. 
Adjustment o{ the parameters of the estimating equations seemed to be the 
most easily applied. procedu·re when estimates are to be made for several 
points on the inco""e surface. The; procedure in which the original estimates 
of resource returns are adjusted appeared to be useful when only one or two 
points on the income surface are involved. Adjustment of the original obser-
vations, although requiring more work than the other procedures, was found to 
be more flexible in that it allows adjustments to be made for nonproportional 
shifts in income surfaces. There seemed to be no reason why these adjustment 
procedures could not be applied to any mathematical relationship that might be 
used to fit the income surfaces. ~example in which three kinds of functions 
--the exponential (Cobb-Douglas), a modified exponential, and a simple quad-
ratic--were fitted to hypothetical data gave results Vlhich were consistent with 
this hypothesis. 
Estimation of the direction and degree of change in prices and technical 
relationships for the various inputs and outputs in the function was seen to 
involve two subproblems: (1) selection of the most appropriate price and 
yield-response information and (2) selection of the most suitable indexing 
scheme. 
It was conceived that price and yield-response information which corres-
ponds ·to the geographical location, time, and kinds of inputs and outputs 
associated with any income function is not always available. However, study 
of several historical price and yield series led to the conclusion that, for 
many inputs and outputs, changes in prices or physical output responses may 
be estimated with reasonable accuracy by substituting data that does not 
exactly correspond to the universe of farms for which resource returns are 
to be estimated. 
Several possible schemes for estimating price and productivity indexes 
were considered. Use of a weighted arithmetic mean of the price relatives 
of the co:mponent items (Laspeyres' index) appeared to be as suitable as any 
scheme for the limited weighting information that is likely to be available in 
practice. The weights used would be the dollar values of the inputs or outputs 
of which the index is composed. It was suggested that certain unweighted 
indexing schemes may be reported to without serious consequences when the 
required weighting information is not available. 
Construction of the price and physical productivity indexes and the use of 
these indexes to adjust estimates of resource returns were illustrated with 
actual farming experiences in the Tama-Muscatine soil association area of 
east-central Iowa. Cobb-Douglas production functions were derived for the 
crop and livestock enterprises from survey information which had been col-
lected from a sample of farms in this soil area for the 1954 calendar. year. 
Indexes of the changes in prices and technical relationships that had occurred 
between 1954 and 1955 were const~cted for every input and output aggrl'gate 
in the functions, These indexes were used to adjust the coefficients of the 
1954 income functions so that resource returns for 1955 could be estimated. 
A rough check on the accuracy pf the adjustments was made by comparing 
the estimated changes in gross and net incomes with parallel estimates from 
two other studies of Cornbelt farms. The estimates from the Tama-Muscatine 
functions showed both gross and net incomes to be lower in 1955 than in 1954. 
The two. studies being used as "checks" also showed income reductions in 
1955. Moreover, the estimated degrees of change (percentagewise) were 
nearly.the same for all three studies •. 
ABSTRACTS OF DOCTORAL THESES, 1956-57 145 
These results suggested that, even though all the required background 
information is seldom available, reasonably accurate estimates of resource 
returns can be obtained from income functions that have been adjusted for 
changes in prices and physical production responses. The application of these 
adjustment procedures may, therefore, greatly magnify the capabilities of 
the income function as a tool of economic analysis. 
AN ITERATIVE METHOD APPLIED TO WAVE GUIDE 
AND RESONANT CAVITY PROBLEMS1 
Robert Grover Brown2 
Department of Electrical Engineering 
The objective of this dissertation is to present an iterative method for the 
solution of wave guide and resonant cavity problems involving boundaries of 
arbitrary shape. The method is essentially an extension of Picard's method 
of successive approximations to apply to certain two and three-dimensional 
boundary-value problems. With each step of the iterative process successive 
approximations are obtained for both the eigenfunction and eigenvalue for the 
particular mode of interest, and the process is shown to be convergent. 
The method is first applied to the classical Sturm-Liouville problem 
Ly a ~ X ~ b, 
where L d' dX' - q(X) (1) 
Ui denotes the boundary condition equations and A is the parameter of the 
system. Successive approximations are generated by the recursion equation 
(2) 
Ui = 0 
where the superscript n is used to denote the nth approximation rather than a 
power. The initial function y 0 is arbitrary except that it must satisfy the 
boundary conditions and be normalized, and the quantity ;.n is chosen with 
each step such that the resultant yn will also be normalized. 
The method is shown to converge by first writing the solution of (2) in the 
form 
-Xn fb G{X.f;)yn-1(1;) di; {3} 
a 
where G~x.i;} is the Green's function for the homogeneous system 
Ly 0 
,(4) 
ui o 
!Doctoral thesis number 1835, submitted August 8, 1956, Chairman of 
Committee, L. W. Von Tersch, Department of Electrical Engineering. 
2B.S., Iowa State College, Ames. M.S., ibid. Assistant Professor. 
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Then yn-i and G can be expanded in terms of the eigenfunctions of (1), and the 
resultant series for yn compared with that for yn-1, It is found that the higher 
order terms of the approximate solution are reduced relative to the lowest 
one with each step of the process. Thus, in the limit, yn approaches the 
lowest order eigenfunction contained in the expansion of y•, and An approaches 
the corresponding eigenvalue. Any particular higher order mode can be ob-
tained by beginning the iterative process with an initial y• function which does 
not contain terms of lower order than the one of interest. In order to find 
such an initial function, all eigenfunctions of lower order than the one of in-
terest must first be found, and then the corresponding terms contained in any 
arbitrary function can be obtained and subtracted out to give an appropriate 
starting function, 
The method is next applied to the equation 
['V'' - q(X,y)J qi =-).qi (5) 
where 'V' z is the two-dimensional Laplacian operator. Two different cases of 
boundary conditions are considered: one where the function qi is equal to zero 
on the closed boundary C, and the other where the normal derivative is zero 
on C. This equation with q = 0 describes the two possible wave guide modes. 
The TM mode is obtained by using the first of the two boundary conditions and 
TE mode by using the second one. The proof of convergence is quite similar 
to that used for the Sturm-Liouville problem. The Green's functions encount-
ered in the two cases can be described in terms of electrostatics, The one 
for the TM case may be thought of as the potential function arising from a 
fine line of charge at a point (I;, TJ ') and surrounded by a conducting boundary 
at C. The Green's function for the TE case does not exist for the problem as 
it stands because of the eigenvalue at zero. This difficulty is obviated letting 
q in (5) be a constant 6 rather than zero and proceeding to find the Green's 
function for small 6. The resulting function may be thought of as the potential 
due to a fine line of charge at (I;, '1 ), a uniform charge density within C, and 
a double layer of charge on C. 
The method is then extended further to the vector wave equation 
(6) 
subject to two possible boundary conditions: (1) the tangential component of A 
is zero on the closed boundary surface S, and (2) the normal component of A 
is zero on S. The electric and magnetic fields in a resonant cavity must 
satisfy (6) and the first and second boundary conditions respectively. The 
iterative procedure used here is essentially the same as that used in the pre-
vious cases, except for dealing with vectors rather than scalars. The vector 
nature of the functions being dealt with necessitates using a dyadic Green's 
function for this problem. 
A great deal of use is made of the Green's function concept in discussing 
some of the generalities of the method. However, the iterative procedure 
described does not lend itself very well to actual numerical solution of prob-
lems because of the generally difficult task of evaluating the Green's functions 
encountered. Thus a modification of the method is considered in which the 
Green's function problem is avoided. 
The basic idea of the modification can be illustrated by means of an exam-
ple. In the TM mode case of the wave guide problem the recursion equation 
which must be solved with each step of the process is just Poisson's equation. 
Instead of writing the solution for qi n, say, in terms of Green's function and 
qi n-1, one can integrate the equation directly, In doing so one does not obtain 
qi n explicitly as a function of qi n-1, though, as the normal derivative of qi n is 
contained within one of the iritegral terms on the right of the equation. How-
ever, for large n successive approximations are nearly equal. This leads 
one to wonder if a convergent process would be obtained if the qi n term within 
the integral term were replaced with qi n-1 which is known. 
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Nothing general regarding the convergence of such a scheme is developed, 
but this approach 'is applied to a square wave guide example, and the process 
appears to converge for this case. The possible extension to other problems 
including the resonant cavity one is also considered. 
ISOMERISM IN wl8l 1 
Alfred Joseph Bureau2 
Department of Physics 
With the X-ray beam of the Iowa State College 75-Mev Synchrotron as the 
means of excitation, a search was initiated for nuclear isomers ·with half 
lives greater than 5 microseconds. Such an isomeric transition was observed 
from the excitation of a metastable level in wl 81 by a ( X• n) reaction on wl82. 
The energy and half life of the gamma ray resulting from the decay of this 
isomeric level were found to be 366 + 4 kilbvolts and 14. 4 + O. 3 microseconds 
respectively. A measurement of the K-shell conversion-coefficient gave a 
value of O. 3 + . 03. These results suggest that the transition is an admixture 
of multipole -orders, 0.28El + O. 72M2. The assignment of this mixture of 
multipole orders agrees with the transition probability computed from Nils-
son's wave functions {l) for the first excited state and the ground state of the 
w 181 nucleus. 
The measurement of activities with half lives of this duration requires that 
observations be performed between the beam bursts of a pulsed accelerator. 
Until recently, such attempts to IIJO asure short lived isomers have been un-
successful because of the problems associated with the beam burst or the 
beam engendered background activity. Initial attempts to measure activities 
between the X-ray bursts of the Iowa State College Synchrotron were hindered 
by beam straggling, saturation of the analyzing system by scattered radiation, 
and a high background {neutron) activity. The elimination of these difficulties 
made possible the measurement of such short lived activities. 
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METABOLISM OF DDT IN THE WHITE RAT1 
Edward Columbus Burns2 
Department of 'Zoology and Entomology 
Mixtures of radioactive DDT (C14 -labeled in the E.•.l''-positions of the ben-
zene rings, O. 75 mC/mM) and nonradioactive DDT, 2, 2-bis(l?,-chlorophenyl) 
l, l, ! -trichloroethane, in corn oil solutions were administered orally to male, 
white rats (Sprague-Dawley strain) and the metabolic products in the bile and 
in the intestinal and thoracic duct lymph were investigated in order to learn 
more about the intermediary metabolism of this insecticide in mammals. The 
function of the bile in the excretion of DDT also was investigated. Techniques 
are described for cannulation of the common bile duct, urinary bladder, tho-
racic duct and intestinal lymphatic of the white rat. 
As much as 20 per cent of a subacute oral dose of DDT in corn oil was 
recovered by cannulation of the common bile duct a few hours after adminis-
tration of the insecticide. The principal metabolite of DDT' in the bile as 
determined by radiometric, colorimetric, and chromatographic methods is 
believed to be DDA, 2, 2-bis(p-chlorophenyl) acetic acid, or a mixture of 
similar compounds. Most of the DDT metabolites from the biie were voided 
in the feces and very little was eliminated via the urine. When the common 
bile .duct was ligated and excised, the kidneys appeared to play a major role 
in the elimination of the metabolites of DDT. 
A maximum of 25 per cent of the administered radioactivity was recovered 
from intestir..al lymph while 7 per cent was the maximum recovery from tho-
racic duct lymph. Fat was removed from all of the lymph samples with a 
Davidow3 acid-Celite column before radiometric or colorimetric analysis, No 
alkaline soluble material could be recovered through washing the diethyl ether 
extracts of intestinal and thoracic duct lymph. This indicated that DDA or 
other alkaline soluble materials were not present in lymph. 
A prominent blue color, typical of DDT, was obtained When extracts of 
intestinal lymph from several rats were subjected to the Schecter et al. 4 
colorimetric method of analysis and the spectral transmittance curv;-s -;ere 
essentially identical to that obtained from a DDT standard. Similar colors 
and spectral transmittance curves were obtained from extracts of composited 
thoracic duct lymph of two rats, and with the exception of one sample, col-
lected 35-47 hours after dosage, the same results were obtained with thoracic 
duct samples collected at intervals follow:ing administration of the DDT. A 
pinkish-blue color was obtained from the 35-47 hour sample and there was a 
marked difference in the spectral transmittance curve. This suggests the 
presence of DDE, 2, 2-bis(E-chlorophenyl) l, 1-dichloroethylene, or similar 
metabolites in thoracic duct lymph. 
This investigation was made possible by research grant RG-4066, Division 
of Research Grants, Public Health Service, and a grant from Geigy Agricul-
tural Chemicals, Yonkers, New York. 
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SOME PROPERTIES OF THE AVIAN BRONCHITIS VIRUS1 
Darwin Arthur Buthala 2 
Department of Veterinary Hygiene 
Avian bronchitis is an acute, highly infectious virus disease of chickens 
which annually causes considerable loss to the poultry industry through death 
of baby chickens, loss in weight in broiler birds, and lowe_red egg production 
in infected laying flocks. The etiologic agent of the disease has been shown to 
pass all grades of Berkefeld filters, to be inactivated by heat and chemical 
disinfectants, to grow only in the presence of the living susceptible cell, and 
to be cultivatable in the embryonated chicken egg. 
The present investigation was initiated to determine additional properties 
of the avian bronchitis virus. 
It was found that the allantoic fluid from 13-day-old chicken embryos, either 
normal or infected with the virus, appeared by agar diffusion analysis to be 
antigenically similar. There was a minimum of 7 precipitating antigens ob-
served in virus-containing allantoic fluid as demonstrated by zones of preci-
pitation in agar gel; however, no zone was noted that could be ascribed to the 
virus. In the main these allantoic fluid antigens were found to be heat labile 
and were precipitated by trichloroacetic acid. Oxidation by potassium perio-
date with ether did not reduce the number of precipitating materials. Treat-
ment with ficin for one hour caused a reduction in density of the zones of 
precipitation without a reduction in number of zones. Treatment with trypsin 
for 4 hours reduced the number of precipitation zones to three faint areas. 
It appears that the majority of the antigenic materials in allantoic fluid are 
protein in nature. 
In a series of studies virus-containing allantoic fluid was subjected to 
several chemical or physical procedures designed to remove the virus from 
suspension. The following observations were made: (1) the virus was partially 
sedimented by ultracentrifugation, (2) adjustment of the specific gravity of 
the suspending medium to a lower value did not influence the effectiveness 
of sedimentation, (3) one isolate, designated No. 33, was absorbed to Seitz 
asbestos filter pads; however, absorption was reduced by diluting the virus-
containing fluid with tryptose phosphate broth, (4) cation and anion exchange 
resins were not effective in removing the virus from suspension, (5) aluminum 
phosphate gel suspended in phosphate buffer of various pH and molar values 
did not absorb the virus, (6) 50 per cent of the virus was ran oved from the 
allantoic fluid as a part of a thermodependent precipitate which formed at 
temperatures of 4°C or below, (7) ammonium sulfate precipitated the virus in 
a concentration of 30, 50, or 70 per cent of saturation, (8) increased virus 
yield was obtained if the fluid was allowed to precipitate for 3 hours, (9) anti-
body in combination with virus treated with trypsin did not release active 
virus, although ;µitibody was shown to be inactivated by trypsin treatment in 
the absence of virus, and {10) trypsin did not inactivate the virus in a concen-
tration of 40 mg of trypsin/ml of virus-containing fluid. 
Electron micrographs of the deposit from No. 97 vir).ls-containing allantoic 
fluid following a single cycle of high speed-low speed centrifugation showed 
the presence of 120 mµ particles intermixed with much amorphous material. 
Following trypsinization of this material the 120 mµ particles were still pres-
ent but much of the amorphous material had been removed. 
In experiments designed to unmask hemagglutinin associated with the virus 
•Doctoral thesis number 1868, submitted December 13, 1956. 
Chairman of Committee, R.A. Packer, Department of Veterinary Hygiene. 
2B. S., South Dakota State College, Brookings. 
M. S., Oklahoma Agricultural and Mechanical College, Stillwater. 
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it was found that allantoic fluid from embryos .. infected with the virus did not 
cause agglutination of erythrocytes of a number of common animal species 
under a variety of experimental conditions. 
It was found that the virus infectivity remained following lyophilization at a 
pressure of 8to10 microns of mercury. Several suspending media maintained 
virus titer in the lyophilized preparations without loss for a period of at least 
7 days, namely: 10 per cent glucose, 2.0 per cent inactivated horse serum, 
tryptose phosphate broth or 10 per cent skim milk. A tenfold drop intiter was 
noted with 2.0 per cent inactivated bovine serum, 1. 5 per cent bovine albumin, 
1.0 per cent lactalbumin, 10 per cent sucrose or undiluted allantoic fluid. A 
hundredfold loss in titer was observed with 0.01 M phosphate buffer, 10 per 
cent fructose or 3 per cent gum acacia. 
The density of the virus was determined in sucrose and glycerine solutions. 
It was found that the density was between 1.16 and 1.15 in sucrose solutions 
and between 1. 14 and 1.13 in glycerine solutions. 
Evidence obtained indicates that the virus does not grow in susceptible 
living cells in vitro under the conditions employed in the experiments. Various 
tissues from-thecliicken embryo were prepared in a variety of media and cul-
ture types. Virus was observed to be released in deembryonated egg prepara-
tions only when the intact embryonated egg had been inoculated with the virus 
3. 5 hours prior to deembryonation. The titer of the virus released in vitro 
was low as compared to the titer attained in the intact embryo inoculat;d with 
the same amount of virus and incubated for a similar period of time. 
SEQUENCE RELATIONSlilPS OF CLARION, LESTER, 
AND HAYDEN SOIL CA TENAS1 
Jose Vicente de Jesus de Carvalho Cardoso' 
Department of.Agronomy 
The main soils of Iowa derived from the Late Wisconsin glacial drift have 
been grouped in three toposequences or catenas and three biosequences as 
shown in Table 1 . 
The members missing in this table and predicted to occur by genetic theory 
were found in the field and described. 
The transitional Webster-Ames soil seems to be common in the area trav-
ersed, mainly adjacent to the Des Moines River in Boone and Webster Coun-
ties, and to have a relatively large areal distribution there. It appears to be 
different from the Dundas series tentatively established in Rice County, Min-
nesota. The Hayden-Ames intergrade seems to have a small areal distribution 
and to occur in very narrow bands which can be mapped only on four inches to 
the mile or greater scale. 
To study the sequence relationships of the nine soil units {seven listed in 
Table 1 plus the two new units) samples were taken 0£ all horizons of each one. 
Particle size analysis was made; total carbon, total nitrogen, exchangeable 
Ca, exchangeable Mg, exchangeable K, exchangeable H, and pH were deter-
mined; clay ratios, C/N ratios, exchangeable Ca/Mg ratios, and per cent base 
saturation were calculated; a thin section study of the major horizons of the 
soils developed under trees and under transition prairie-trees was made, par-
ticularly to get information about clay translocation and accumulation as films 
on soil aggregate surfaces and pore walls. 
'Doctoral thesis number 1887, submitted March 8, 1957. 
Chairman of Committee, F. F. Riecken, Department of Agronomy. 
2Eng. Agron., University of Lisbon, Portugal. 
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Table 1. The series forming soil biosequences and toposequences of central 
Iowa 
Biosequences 
Transition 
Toposequences Under prairie prairie-trees Under trees 
Well drained Clarion Lester Hayden 
Moderately 
well drained Nicollet Le Sueur ? 
Poorly drained Webster ? Ames 
All data obtained showed important toposequence relationships among the 
soils developed under variable topography when the other four main soil form-
ing factors are considered constant, and biosequence relationships among the 
soils developed under variable vegetation when the remaining factors of soil 
formation are assumed to be the same. 
Oriented clay films on pore walls, channel sides, aggregate surfaces, and 
channel constrictions observed in the thin sections seem to be evidence of 
clay translocation from the upper to the lower horizons of the sola of the soils 
studied. 
The toposequence and biosequence relationships described showed that the 
continuous and gradual variation of the soil properties expected from the sim-
ilar continuity of variation of the environmental soil forming factors is a fact 
and that the genetic grouping of soils, giving emphasis to that continuous and 
gradual variation, is sound and very useful. 
HERITABILITY OF GAIN AND GRADE IN BEEF CATTLE1 
Robert Clifton Carter2 
Department of Animal Husbandry 
The objectives of this experiment, conducted at the Virginia Agricultural 
Experiment Station, were: 
1. To estimate directly the heritability of the rate of gain in beef cattle 
and the progress to be expected by selection. 
2. To estimate indirectly the heritability of other economic traits in 
beef cattle. 
3. To estimate the genetic and phenotypic relationships among certain 
production characters in beef cattle. 
Young beef bulls were full fed individually for 168 days following weaning. 
Those with the highest and lowest rates of gain were selected and paired (one 
fast with one slow gaining bull) for progeny testing. A total of 18 pairs (36 
bulls) were selected from the 119 on test during a five-year period. The 
average difference in rate of gain between the selected high and low gaining 
bulls was .56 lbs per day. This selection differential was twice the standard 
deviation of daily gain within year, breed and age groups of bulls on test. 
lDoctoral thesis number 1858, submitted December 6, 1956. 
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Equal numbers of cows from sets of haH-sibs in the test herd of grade 
Hereford cows were assigned at random to each bull of a pair. The resulting 
steer progeny were full fed for 200 days beginning at weaning. The heifer 
progeny were wintered largely on roughage and were tested by their gains on 
pasture their yearling summer. The average difference between the steer 
progenies of the high and low gaining sires was . 087 lbs in daily gain on test. 
Between the heifer progenies the average difference was .058 lbs per day. 
Heritability of daily gain was estimated by dividing the average difference 
between the progenies of the high and low gaining sires by the average differ-
ence between the two kinds of sires and then doubling the resulting regression. 
These estimates and the 95 per cent confidence interval are: for the steers 
. 37 (. 73 to • 05) and for the heifers . 34 (. 66 to . 02). 
Heritability estimates for daily gain and for the other traits studied were 
also obtained from intraclass correlation of paternal half-sibs. For certain 
of these traits estimates were derived from regression of progeny average on 
sire's performance and from intrasire regression of offspring on dam. These 
estimates are: 
Character 
Steers 
~dayweight 
Feeder grade 
Daily gain 
TDN/cwt. gain 
Slaughter grade 
Carcass grade 
Heifers 
----rli"Zday weight 
Feeder grade 
Daily gain 
Yearling grade 
Half-sib 
.08 
.49 
. 30 
l. 04 
.53 
.16 
.74 
• 57 
.56 
• 20 
Method 
Offspring-sire 
.16 
• 21 
.22 
.06 
• 63 
.20 
.002 
Offspring-dam 
.07 
.04 
.57 
• 32 
Genetic correlations among the traits studied estimated from paternal 
half-sib analysis were as follows: 
Steers 
182 day weight 
Feeder grade 
Daily gain 
TDN/ cwt gain 
Slaughter grade 
Heifers 
182 day weight 
Feeder grade 
Daily gain 
Feeder Daily 
grade gain 
.49 .66 
. 28 
Feeder grade 
• 31 
TDN/cwt 
gain 
.43 
-.11 
-.32 
Daily gain 
• 51 
-.0004 
Slaughter Carcass 
grade grade 
.36 . 84 
. 66 . 65 
.48 . 85 
.18 .16 
• 83 
Yearling grade 
.50 
.63 
.58 
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Heritability of postweaning gain in beef cattle appears to be about one-third. 
Selecting among potential sires on their own performance should be effective 
in improving this trait in the offspring. However the sampling error in evalu-
ating a sire's genotype from his own performance is large enough that serious 
mistakes will be made sometimes. This makes progeny testing of the selected 
sires desirable. 
Heritability of grade seems somewhat higher than heritability of growth 
rates. It is perhaps around one-third to one-half. 
No negative genetic correlations which would handicap selection are evident 
among the traits studied. (The negative correlation between daily gain and 
TON/cwt gain indicates that the more rapidly growing animals consumed less 
feed per unit of gain.) Initial grade seems to be genetically independent of 
subsequent gains. G;i.in in a particular period, however, is highly correlated 
with grade at the end of the period. Grades at different periods are highly 
correlated. 
Perhaps the most important relationship indicated in the high positive 
genetic correlation between gain from birth to weaning and postweaning gains. 
Selection for either trait should be effective in improving the other. 
Selection among potential sires on the basis of their own performance on 
postweaning feeding tests, using an index properly weighted for theheritability 
and relative economic importance of gains and grade, is suggested as the 
most effective method of improving these traits in beef cattle. This should be 
followed by evaluating the progeny at weaning to eliminate mistakes made in 
evaluating the sire 1 s genotype initially. 
GERMINATION AND GERM TUBE DEVELOPMENT OF 
PUCCINIA CORONATA UREDOSPORES1 
Harold Melvin Couey2 
Department of Botany and Plant Pathology 
An understanding of the uredospore germination process and the subsequent 
development of the germ tube is fundamental whether the rust organisms are 
studied as pathogens or are regarded as a problem in microbial nutrition. It 
had been ob served that the oredospores of Puccinia coronata Corda avenae F. 
and L. germinating on a zinc-gelatin substrate formed structures appa;;;;rtly 
identical to the appressorium, penetration hypha, substomatal vesicle, and 
infection hyphae formed by this organism during invasion of the host plant. 
The immediate objective of this study was to examine the role of zinc and of 
gelatin in germination and vesicle formation. 
In previous work optimal vesicle formation had been observed on 3 per 
cent gelatin in the range of 8 to 10 ppm of zinc (ca lZ to 15 x lo-s M) at a pH 
of 6. 3 to 6. 5. In the present work samples of Difeo gelatin differed in their 
ability to support vesicle formation under these conditions. Increasing the 
concentration of gelatin increased the zinc requirement for optimal vesicle 
formation and for inhibition of germination. Water extraction of the gelatin 
reduced the levels of zinc required for germination inhibition and this toxicity 
was antagonized by 10- 3 M magnesium. On gelatin that had been purified by 
passage through a carboxylic acid resin a similar increase in zinc inhibition 
iooctoral thesis number 1845, submitted October 4, 1956. Chairman of 
Committee, Frederick G. Smith, Department of Botany and Plant Pathology. 
2B. S., Oregon State College, Corvallis. M. S., Iowa State College, Ames. 
Graduate Assistant, Agricultural Experiment Station. 
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of germination was observed and no vesicle formation occurred unless both 
calcium and magnesium we re added with zinc to' the purified gelatin at pH 6. 5. 
Calcium and magnesium also antagonized zinc toxicity. These preliminary 
observations and experiments indicated that gelatin or impurities in the gela-
tin were modifying the action of zinc. 
Germination was then studied on •gelatin which had been deionized by pas-
sage through a mixed bed resin exchange column. Deionization resulted in 
increased zinc toxicity and a shift in the acid branch of the pH-germination 
curve. On whole gelatin some germination occurred from pH 4 to 10 with 
an optimum range extending from about pH 5 to 9. On deionized gelatin the 
optimum range was from about pH 7 to 9. Calcium and magnesium antagonized 
zinc toxicity and shifted the acid branch of the curve back to its original 
position. The antagonism between calcium and hydrogen ions was. evaluated. 
quantitatively in terms of an equilibrium model. 
Maximum vesicle formation on deionized gelatin required 12 x 1Q-5M zinc, 
1 o-4 M calcium or magnesium and a pH of about 8. On whole agar vesicle 
formation required 12 to 16 x lQ-5 M zinc and a pH of 7 to 9. It was also 
possible to obtain vesicle formation on zinc-amino acid solutions at pH 8. 
Optimum conditions were 1 to 4 x l0-5 M zinc and 1 to 2 x 10-2 M glycine, 
alanine or valine at pH 8. No requirement for calcium or magnesium was 
observed unless much lower concentrations of the amino acids were used. 
Preliminary evidence indicated that potassium citrate was also capable of 
inducing vesicle formation. 
PREDICTION OF MORTALITY CHARACTERISTICS 
OF INDUSTRIAL PROPERTY GROUPS1 
Harold Andrews Cowles, Jr.2 
Department of Industrial Engineering 
The determination of cost-depreciation policies for industrial properties 
is normally accomplished with regard to two principal elements. The first is 
the annual accrual and the second is accured depreciation. Each of these 
phases is a function of the retirement behavior of the property, i.e., its 
mortality dispersion. Consequently, it is extremely desirable to have as 
complete knowledge of this characteristic as possible when establishing de-
preciation policy. However, the actual retirement dispersion for a particular 
group of units is never known until all the items have been retired at which 
time the need for policy has disappeared. Thus, mortality dispersion is 
something which must always be predicted for depreciation purposes since 
the information is needed when the property is installed or at least while a 
major portion of its components are still in service. 
Any prediction of this characteristic is generally found to be more realis-
tic if it can be based upon a study of current retirement experience of similar 
or like units. The investigation reported in this dissertation was designed to 
provide a comparison of two of the methods most frequently used to analyze 
industrial property behavior. These procedures were, first, the use of the 
Iowa type curves, and second, the fitting of retirement ratios by least squares 
using orthogonal polynomials. Specifically, the objectives of the study may 
be stated as follows: 
!Doctoral thesis number 1898, submitted March 15, 1957. Chairman of 
Committee, J. K. Walkup, Department of Industrial Engineering. 
2B.S., Iowa State College, Ames. M.S., ibid. Assistant Professor. 
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1 , To determine an indication of whether either the Iowa type curve method 
or the use of orthogonal polynomials consistently give better estimates of 
industrial property mortality patterns. 
2. To determine an indication of whether either method gives better re-
sults when applied to certain dispersion types, and to data varying in degree 
of completeness. 
3, To determine in particular whether the use of the Iowa type curves 
causes any significant bias or error in mortality dispersion estimates made 
of property retirement data varying in shape, length of stub survivor curve, 
or average service life. 
The general outline of the study was to submit the same retirement exper-
ience to analyses by both methods and to then compare the corresponding 
results statistically. Grouping the estimates of a panel of 16 engineers 
experienced in the use of the Iowa type curves was deemed advisable for the 
standard curve method because considerable judgment needs to be exercised 
in matching the data, Only one calculation was accomplished for each ortho-
gonal analysis since the approach is nlathematical and, under a given set of 
conditions, will always produce the same results. 
The mortality experience utilized was developed from retirement rate 
analyses of 27 industrial property accounts and roughly represented 15 of 
the 18 standard Iowa mortality patterns. While the above studies produced 
essentially complete life tables, i.e., the per cent surviving ranging from 
100 down to 0 per cent, all predictions of expected dispersion patterns were 
developed from arbitrarily stubbed versions of these data, the terminal 
points varying from 30 to 90 per cent surviving. 
Since the mortality dispersion estimates are used principally for depre-
ciation considerations, the effectiveness of each prediction was measured in 
terms of the annual accrual and the computed accrued depreciation. The 
former factor was expressed by the estimate of expected service life. and the 
latter was represented by a summation of the expectancy-average service 
life ratios for three selected ages. The expectancy-average service life ratio 
is recognized as the critical variable in the determination of accrued depre-
ciation under the straight line, average life method. Values of the two terms 
described above were compared with the corresponding "correct" or standard 
values based upon the unsmoothed, complete life table data, 
The analyses of the mortality dispersion estimates disclosed the following 
general indications: 
l. Under the conditions adopted, i.e., the stipulations for the· analysis of 
the retirement data, the standards assumed, and the comparison bases used, 
no consistent superiority was enjoyed by either the Iowa type curve method 
or the use of orthogonal polynomials in estimating mortality dispersion. 
2. Based upon the over-all results of this limited study no consistent 
significant difference in results appears to be attained in basing dispersion 
estimates on the analysis of retirement ratios as opposed to the use of life 
table data. 
3. The method·of orthogonal polynomials showed some advantage in hand-
ling experience that could be termed abnormal on the basis of the standard 
Iowa types, e, g,, bimodal data, or a low rate of increase in the size of the 
retirement ratios at advance ages. This indication was particularly noticeable 
under extreme stubbing in the case of the accrued depreciation comparison 
base, 
4. The Iowa type curve method tended to produce better estimates of dis-
persion for the lower modal R- and S-type experiences than did the orthogonal 
polynomials because of the latter method's failure to predict the relatively 
rapid termination of experience which is characteristic of these types. 
156 ABSTRACTS OF DOCTORAL THESES, 1956-57 
5. The amount of error present in the panel's estimates of left-moded data 
was, in most instances, significantly reduced as the length of the stub curve 
was increased. 
6. The agreement attained by panel members in their analyses of a particu-
lar experience was greatest in the case of the left-moded data and least for 
the right-moded curves. 
7. With one exception all indications of systematic bias in the panel's esti-
mates of left-moded experience were due to underestimation and those for the 
right-moded experience were due to overestimation. 
8. The incidence of significant effects due to stubbing in·the hi.as of the 
panel's estimates was considerably less than would normally be expected. No 
indication of consistent significant effect upon the bias of the estimates could 
be found due to the length of the average service life or mortality type encoun-
tered. 
SURFACE TENSIONS OF SOME BINARY FUSED SALT SYSTEMS1 
June Lomnes Dahlz 
Department of Chemistry 
The surface tensions of seven pure fused salts--NaNO,. KN03, AgNO., LiCl, 
NaCl, PbClz, and ZnClz--and nine binary mixtures--NaN03-KN03, AgNO,-
NaN03, AgNO,-KN03, NaCl-KCl, PbCl,-LiCl, PbClz-NaCl, PbCl,-KCl, PbCl,-
RbCl, and PbCl,-CsCl--were measured by the maximum bubble pressure 
method. Surface tension showed essentially linear variation with temperature 
in all cases. 
As would be expected, large differences were found between the surface 
tensions of the pure fused salts. The higher surface tension of molten AgN03 
compared to NaN03 was explained in terms of differences in the polarizability 
of the metal ions in the melts. The low surface tension of ZnClz was assumed 
to result from extensive association in this melt. 
The surface tension isotherms of the systems NaN03-KN03 and NaCl-KCl 
were found to exhibit small negative deviations from ideality. The greater 
negative deviations from ideality which were found in the systems AgNO,-
NaN03 and AgNO,-KN03 were attributed to polarizability differences between 
the metal ions. The limited data suggested that in binary mixtures of fused 
salts with a common anion, the deviations of the surface tension isotherms 
from ideality increase as the differences between the sizes of the replacing 
cations increase. 
Actual minima were observed in the surface tension isotherms of the 
systems PbClz-KCl, PbCl,-RbCl, and PbClz-CsCl; no minima were observed 
in the systems PbClz-LiCl and PbClz-NaCl. These minima were attributed 
to the presence of complex ions or other surface active aggregates in these 
melts. Other physical measurements strongly support the existence of com-
plex ions, very likely anionic complexes of lead, in the system PbCl,-KCl. 
The trend in the character of the PbC12-alkali metal chloride surface ten-
sion isotherms was shown to be in accord with the fact that any ionic com-
plexes in these melts would be more stable in the presence of large cations 
with low polarizing power than in the presence of small ions with large polar-
izing power. 
1Doctoral thesis number 1931, submitted June 7, 1957. 
Chairman of Committee, Frederick R. Duke, Department of Chemistry. 
"B.A., Macalester College, St. Paul, Minnesota. 
Research Assistant, Institute for Atomic Research. 
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Further evidence for complexing in the PbC12-alkali metal chloride melts 
was the presence of a yellow color in those melts whose surface tension iso-
therms exhibited minima; no yellow color was observed in the PbC12-LiCl and 
PbC12 -NaCl systems. This yellow color which persisted in the solid state at 
high temperatures was found to increase in intensity with increase in the• size 
of the alkali metal ion. 
It was pointed out that there is no reason to assume that the complexing in 
these melts consists only of discrete ions. It was proposed that there are 
also local aggregations of ions whose structures resemble the structure of the 
solid state. 
STRUCTURES OF SOME POLYNUCLEAR METAL CARBONYLS1 
Lawrence F. Dahl2 
Department of Chemistry 
A structural investigation of the polynuclear metal carbonyls--[Fe(C0)4 J3), 
Re 2(CO}i 0 , and Mn2(C0)10 , and Mn2(C0)10 --was undertaken by means of X-ray 
diffraction techniques. 
Iron tetracarbonyl was found to possess monoclinic symmetry; the lattice 
constants based on a primitive unit cell are: 
8.88 A. 
11. 33 A. 
8.35 A. 
~p 97° 9.5' 
There are six Fe{C0)4 species per unit cell. Systematic absences indicated 
the centrosymmetric space group ,P21/n, which would ordinarily require a 
trimeric molecule to possess a center of symmetry, and would thereby make 
the iron atoms collinear. The iron atoms should then be located easily by 
Patterson projections, but this did not turn out to be the case. 
The structural analysis proceeded through a complete three-dimensional 
Patterson and three-dimensional "sharpened" Patterson. The only model at 
all compatible with this analysis and other evidence, involves a disordered 
structure in which the iron atoms are arranged at the corners of an equilateral 
triangle and are randomly placed in each unit cell in one of two orientations 
approximately differing from one another by a rotation of 60 ° about the three-
fold axis. An iron-iron distance of approximately 2. 75 to 2. 85 A was found. 
The configuration of the CO ligands still needs to be determined, since it was 
very difficult to find the carbonyl positions due to the disorder in the structure. 
An infrared spectral study strongly indicated some association of the carbonyls 
in the solid state, although the_ solution spectrum definitely suggested that 
there are no bridge carbonyls. Three-dimensional Fourier sections computed 
on X-RAC at Pennsylva,nia State University appeared to verify the trigonal 
model, although additional three-dimensional work will be needed to confirm 
the proposed structure. 
On the other hand, no linear arrangement of iron atoms, including the 
widely accepted D 2d structure, can explain the three-dimensional Pattersons. 
In fact, none of the structures postulated on the basis of the theory of directed 
'Doctoral thesis number 1897, submitted March 15, 1957. 
Chairman of Committee, R.E. Rundle, Department of Chemistry. 
'B. S., University of Louisiana, Baton Rouge. 
Research Assistant, Institute for Atomic Research. 
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valence or on an analysis of the vibrational spectrum appear to be correct. 
The rhenium and manganese carbonyls were found to be monoclinic and 
isomorphous. The lattice constants are as follows: 
Re 2(CO)io 
14.70 A, b 0 = 7.15 A, c 0 
Mn2(CO)i 0 
14.91A, fl= 106° 
a 0 = 14.16A., b 0 = 7.11 A, c 0 = 14.67A, fl= 105° 
The space group was determined to be 12/a or Ia; there are four dimers 
per unit cell. A two-dimensional Fourier analysis of Mn2(CO)i 0 revealed that 
each manganese atom is octahedrally coordinated by five CO ligands and a 
direct metal-metal bond with another manganese atom, in such a way that the 
dimeric molecule possesses approximately D4d symmetry (staggered CO's). 
These compounds are the first polynuclear carbonyls known to be held 
together by metal-metal bonds, and, moreover, represent the first real evi-
dence of a metal-metal bond in transition metal complexes stabilized by only 
metal-metal bonds. 
An explanation was given for the long metal-metal distances found (i.e., 
2. 93 A for Mn2(CO)i 0 and 3. 02 A for Re 2(CO)i 0 ) for the compounds as com-
pared to the relatively short iron-iron distance of 2.46 Afor Fe2(C0) 9 • 
An infrared vibrational analysis was found to be in agreement with the D4d 
structure. The molecular structures indicate the validity of the assumption 
that the 1800 cm-1 infrared absorption band is due to bridge carbonyl absorp-
tion, since, as the infrared analysis predicted, no absorption bands were 
observed in this region. 
However, there are limitations in the utilization of the partial vibrational 
infrared analysis in predicting the correct internuclear structures for the 
metal carbonyls. Although other investigators used such a method to postulate 
different rhenium and manganese structures, no one predicted the correct 
structure. The failure of this spectral method in predicting internuclear 
structures for iron tetracarbonyl is another example of its limitations. 
LANDSCAPE RELATIONSHIPS OF THE MARSHALL, 
DOW AND NAPIER SOIL SERIES1 
Raymond Bryant Daniels2 
Department of Agronomy 
The purpose of the investigation was to study the influence of landscape 
evolution on the physical and chemical properties of the soils developed within 
a watershed. The angular truncation of two or more of the weathering zones 
of the Iowan-Tazewell loess was presented as evidence of dissection of the 
area in Latest Wisconsin-Recent time. A radiocarbon sample, from the basal 
part of a gully fill in the area studied, sampled and dated by other workers, 
was used to date the valley slopes as Recent. The level to gently convex 
lDoctoralthesis number 1904, submitted April 26, 1957. 
Chairman of Committee, Frank Riecken, Department of Agronomy. 
"B,S., Iowa State College, Ames. M.S., ibid. 
Graduate Assistant, Agricultural Experim-;rt° Station. 
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divide positions were dated as Tazewell on the basis of the regional distribu-
tion of the weathering zones in the Iowan-Tazewell loess and the buried geo-
morphic surfaces. 
The particle size distribution, total nitrogen, free iron and per cent base 
saturation of six soil profiles were determined, and petrographic and thin 
section analyses were made. 
The distribution of the soils on the landscape was found to be largely de-
pendent upon the distribution of the geomorphic surfaces and the outcrops of 
the loess zonation. The per cent base saturation, particle size distribution 
and free iron contents of the soil profiles studied were found to be related to 
the age of the surface and the chemical properties of the loess zone from 
which the soil profile had developed. 
The method of combining geomorphic and soil genesis studies was tested 
and found to be satisfactory. 
SYNTHESIS AND STUDIES OF SOME POL YAMINO ACID 
CHELATING AGENTS1 
Frederick John Debbrecht2 
Department of Chemistry 
The chelating agent ethylenediaminetetraacetic acid (EDTA) has become, 
in recent years, an important reagent in the field of analytical chemistry. Its 
versatility has caused increased interest in other types of amino acids similar 
to EDTA in structure. This present work was undertaken to synthesize and 
investigate the. chelating prope·rtie s of an analogous compound ethylenediamine -
N,N,N',N'-tetra-a-propionic acid (EDTP). Also studied was the synthesis 
of a compound similar to EDTA but containing a carboxyl group on each of the 
two ethylene carbons. 
The method developed for the synthesis of EDTP consisted in the alkaline 
condensation of ethylene diamine with cit-chloropropionic acid. The high solu-
bility of the reagent in water required that its separation from the excess re-
actants be accomplished by precipitating EDTP from a concentrated alcoholic 
solution with acetone. 
The procedure used to prepare a,".' '-diaminosuccinic acid consisted of the 
bromination of fumaric acid, esterification, reaction with potassium phthali-
mide (Gabriel synthesis), and hydrolysis to yield the desired product. At-
tempts to prepare cit, a '-diaminosuccinic-N, N, N', N'-tei:raacetic acid from the 
above cit, a' -diaminosuccinic acid using cyanide and formaldehyde failed as did 
the condensation reaction with chloroacetic acid. In the latter case however a 
disubstituted compound was isolated which showed some chelating properties. 
Any attempt to prepare the desired compound using the reaction between a, a'-
dibromosuccinic acid and iminodiacetic acid in alkaline solution also failed, 
probably due to the elimination of hydrogen bromide from the dibromosuccinic 
acid. 
The ionization constants of EDTP at ZS. 0 •c and an ionic strength of 0 .1 
were determined from pH titration curves using potassium hydroxide as the 
titrant. The values determined were 
pK1 = 1. 89, pK2 = Z. 3Z, pK3 = 6.43, and p~ 9.Z7. 
1Doctoral thesis number 1819, submitted July 10, 1956. 
Chairman of Committee, Charles A. Goetz, Department of Chemistry. 
2B.s., University of Colorado, Boulder. · 
Graduate Assistant, Industrial Science R.eaearch Innitute. 
160 ABSTRACTS OF DOCTORAL THESES, 1956-57 
The stability constants for several metal chelates of EDTP were deter-
mined by a pH titration of EDTP in the presence of a fifteenfold excess of a 
salt of the metal being studied. Again potassium hydroxide was used as the 
titrant, the temperature was maintained at 25. 0 •c, and the ionic strength was 
0. 1. The metals studied and the corresponding logarithms of their stability 
constants with EDTP are as follows: magnesium, 3.03; calcium, 2.01; stron-
tium, 1.14; bariuin, 1. 22; zinc, 9. 68; cadmium, 8. 33; mercury, 8. 72; man-
ganese, 6.06; nickel, 11.0; cobalt, 9.70; copper, 13.0; and lead, 9.31. 
The major effect of the addition of the four methyl groups as in EDTP 
compared to the more common EDTA is to greatly reduce the ability of the 
chelating agent to complex metal ions. This decrease in complexing ability 
comes from the steric hindrance introduced by the methyl groups. For the 
same reason EDTP is a stronger acid than EDTA. A secondary effect, much 
smaller in magnitude, is the one desired, namely the preference of EDTP for 
smaller ions. This is especially noted with magnesium and calcium. Cal-
cium forms the stronger complex with EDTA but its complex with EDTP is 
weaker than that of magnesium. This effect can also be seen in the case of 
cadmium and zinc. 
To date no analytical applications for EDTP have been found. The slight 
shift of the stability constants of metal chelates due to the ion size is not large 
enough to use analytically. Also the large decrease in metal chelate stability 
with EDTP over other more common chelating agents is a disadvantage. Two 
other disadvantages, the costly, low-yield preparation and the instability of 
aqueous solutions, also hinder the development of analytical uses of EDTP. 
CREEL CENSUS TECHNIQUES AND HARVEST OF FISHES 
IN CLEAR LAKE, IOWA1 
Charles James Di CostanzoZ 
Department of Zoology and Entomology 
The· Iowa Cooperative Fisheries Research Unit conducted creel census 
studies at Clear Lake, Iowa in the summer fishing seasons of 1953, 1954, and 
1956 and in spring and summer of 1955. The specific problems were: 1) to 
identify and examine the effects of factors contributing toward variability and 
bias in estimates derived from creel census data; 2) to determine optimum 
sampling ra.tios; and 3) to determine the characteristics of the sport fishing 
at Clear Lake . 
The sampling problems were typical of those associated with many large 
resort lakes. Ease of access, extensive cottage and resort developments, 
and the numerous fishing docks and commercial boat landings made sampling 
of fisherman at the completion of their fishing trips particularly difficult. 
Thus, most of the contacts were made by patrolling the lake. Anglers were 
interviewed while they were actually engaged in fishing by Unit biologists. 
Over the survey periods, approximately 32, 500 boat, dock, and bank fishe-r-
men and waders were interview~d. 
In estimating catch-effort ratios from samples of incomplete fishing trips, 
two conditions must be satisfied: l) the rate of catch for anglers who fish a 
short while must be the same as the rate of catch for those V<ho fish long 
lDoctoral thesis number 1859, submitted December 7, 1956. Chairman of 
Committee, Kenneth D. Carlander, Department of Zoology and Entomology. 
'B. S., University of Massachusetts, Amherst. M. S., Iowa State College, 
Ames. Graduate Assistant, Industrial Science Research Institute. 
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periods of time; and 2) the rate of catch must be the same over the last part of 
the fishing trip as over the first part. For the Clear Lake data no relationship 
could be demonstrated between rate of catch and length of the fishing trip 
(correlation coefficients ranged from -0.13 to o: ll}. Also, there was no 
discernible relationship between rate of catch and fraction of the fishing trip 
completed up to the time of interview. It was concluded that the. two require-
ments we re satisfied insofar as the Clear Lake data were concerned. Methods 
of adjusting for the bias if the two conditions do not hold are discussed. 
Estimates of catch per unit of effort and species composition of the catch 
obtained from incomplete trips were compared with estimates derived from 
interviews with fishing parties at the end of the fishing trips. It was· found 
that the two methods of contacting anglers gave comparable results. 
The rate of catch and level of fishing pressure were found to be negatively 
correlated. It was concluded that the relationship was indirect rather than 
direct. Catch per unit of effort was lowest on week end days and highest on 
weekdays, probably because of an influx of inexperienced anglers on week 
ends and the tendency for veteran anglers to refrain from fishing when the 
lake is crowded with other anglers and boating enthusiasts. This points up the 
necessity of weighting the data if week end days and weekdays are sampled 
disproportionately. 
Sampling errors of the estimated rates of catch for boat anglers ·ranged 
from 3 per cent of the mean in 1955 to 12 per cent in 1956. Comparisons 
of various sampling fractions indicated that little gain in precision is to be 
expected by sampling more than three days per week over most of the open-
water period. Where boat fishermen :.are concerned, indications are that 
sample estimates of catch per unit of effort that are within approximately 10 
per cent of the actual values may be obtained if the sampling effort is three 
days per week. 
Two methods of estimating angling intensity are described: l} angler counts 
stratified by weeks, days, and time of day; and 2) a ratio method requiring a 
knowledge of the number of rentals from commercial landings and an estimate 
of the ratio of all fishing boats to livery boats. Angler counts yield estimates 
of the total number of man-hours of active fishing, whereas the ratio method 
results in estimates of the .total time spent on the lake regardless of how much 
time is actually devoted to the act of fishing. Angler counts are likely to lead 
to underestimates of total number of fishing trips and total catch. 
The yellow bass dominated the catches made in summer months from 1953 
to 1955. Bullhead tended to be most abundant in the creel in spring and early 
summer. There was a sharp decline in the catch of yellow bass in 1956, 
probably as a result of a heavy mortality in the fall of 1955. Bluegill have 
increased in importance in recent years, reflecting a general increase in 
abundance. Yellow perch have declined in the catch. Walleye and northern 
pike comprised less than 1 per cent of the total catch in summer months. The 
over-all rate of catch was about one fish per hour, except in 1956 V<hen the 
catch per unit of effort was about half that of previous years. 
Estimates of the total fishing pressure for 1953 (73 days), 1954 (73 days} 
and 1955 (142 days), were 60. 2, 82. 2, and 163. 6 angler-hours per acre, 
respectively. 
The total harvest was estimated to be 22. 6 pounds per acre in the summer 
of 1953, 32.0 pounds per acre in 1954. and 66. 3 pounds per acre in the spring 
and summer of 1955. 
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INTRAFAMILY TRANSFERS OF FARM PROPERTY IN 
JEFFERSON COUNTY, !OW A1 
Howard Rissell Dorsett' 
Department of Economics and Sociology 
Many elements of doubt and confusion confront farm families as they seek 
a satisfactory solution to transferring property within the family. The chief 
aim of this study was to appraise, the methods of overcoming the obstacles 
underlying these problems. Courthouse records and personal interviews with 
a random sample of Jefferson County landowners were utilized as sources of 
data. In the analysis of these data, the success elements of the transfer ex-
periences of the respondents and t.heir deceased relatives were isolated and 
evaluated as alternative courses of action. 
The method of transferring far.;,_ property was conditioned by the composi-
tion of the landowner's family, the nature and value of farm property owned, 
and the objectives of the transfer process. Three out of every four respond-
ents had made or intended to make,:plans for the distribution of their property. 
The remaining interviewees were satisfied with the distribution as provided 
by state law. 
Eight transfer objectives were studied. The importance of each objective, 
the problems and major obstacles of the transfer process, and the remedial 
measures for overcoming these obstacles are indicated in the following dis-
cussion. 
All of the respondents and 89 per cent of the relatives had the adequate 
retirement income objective. The respondents regarded the attainment of 
this objective as more of a probiem than had their relatives, for a larger 
percentage of the respondents expressed nonachievement of this objective. If 
the respondents and their spouses were to retire with their present net worth 
from which they could realize a return of, five per cent, a retirement income 
of less than,$200 per month would be received in 63 per cent of the cases. 
Almost one-third of the respondents had made no plans for retirement. The 
social security program may enable more retired farmers to achieve an ade-
quate retirement income and may also affect the age and plans for retirement. 
Even though a majority of the spouses had the power to consume property, 
this practice of supplementing retirement income was infrequently used. The 
use of the. life estate to assure the spouse's security was less prevalent for 
the respondents than for the relatives. No plans for a trust were found, but 
a limited number of the landowners were planning to use the annuity principle 
to aehieve this objective. 
Most all of the landowners with two or more children possessed the equi-
table treatment objective. More of the respondents with plans indicated 
achievement of this objective than those without plans. This difference was 
expected since a plan may make allowances for unequal lifetinleasaistance to 
children by stipulating an unequal division of the estate. A majority of the 
landowners had provided for an equal distribution of their estates. A number 
of these cases reported unequal lifetinle assistance to their children. Several 
of the respondents, who had made improvements at their own expense on 
farms rented from their parents, also shared the estate equally with the 
other children. Therefore it was concluded that inequitable treatment could 
result in those instances where unequal lifetime assistance was followed by 
an equal distribution of the estate. Parents may achieve this objective by 
!Doctoral thesis number 1866, submitted December 12, 1956. Chairman of 
Committee, John F. Timmons, Department of Economics and Sociology. 
2B. S., Oklahoma Agricultural and Mechanical College, Stillwater. 
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regarding the advancements made to certain children as a portion of their 
inheritance. In other cases of unequal lifetime assistance, bonds of main-
tenance rriight be used to pay the children for the care of the parents, or an 
interest bearing note might be given to the renting child for the improvements 
constructed at his expense. 
The objective of keeping the farm in the family was held by 51 per cent of 
the respondents. The landowners with plans possessed this objective more 
often than those without plans. In a majority of cases, the respondents were 
the first generation of their family to own the land. Actual cases of the farm 
being sold out of the family were infrequently found; nevertheless, the hypo-
thetical reasons existed and posed a threat to those landowners who desired 
to achieve this objective. Fifteen of the relatives had made an inter vivos 
transfer to their children and one respondent had included a flexible c~t 
arrangement in his plan to keep the farm in the family. 
The objective of minimizing transfer costs was considered by the inter-
viewees to be as important as keeping the farm in the family. A greater pro-
portion of the landowners with plans, compared to those without, desired to 
minimize costs. Apparently the process of making a plan made the landowners 
more aware of this objective. The average length of time required to close 
the estates was 27 months. Less time was used to close the larger estates 
than the smaller ones. The larger estates tend to be opened sooner and fewer 
cases of delayed closing were found. The average total cost of settling the 
estates was ,$1603. The average percentage of gross value was 11.16. No 
evidence was found that a testate distribution results in lower settlement 
costs. The respondents were unaware of the potential tax burden on their 
estates. The infrequent use of inter vivos transfers indicated a conflict with 
the retirement income objectiv-;:-- Higher transfer costs may result from 
friction among the heirs. 
The early assistance objective was held by one-third of the landowners 
with children. A greater proportion of the planning respondents expressed 
achievement as compared to those without plans. The rate of attainment was 
associated with the ages of the children. Little difference in the occurrence 
of early as contrasted to late assistance was found, but early assistance was 
more beneficial to the children than that received later in life. Farm parents 
may not achieve this objective because of a conflict with retirement income. 
In other situations, a: desire to treat their children equitably and an age gap 
of six years may prevent landowners from realizing this goal. More farm 
families may provide a type of early assistance that does not place heavy 
demands on limited sources of retirement income. Early planning and a 
father-son agreement may offset the age difference between the two genera-
tions. 
The prevention of an excessive debt burden on the purchasing heir was of 
minor importance, for only five per cent of the landowners held this goal. 
One-half of the respondents who purchased property in the estate settlement 
had experienced an excessive debt burden. Equal sharing of the estate among 
the children increased the debt assumed by the purchasir ~heir in direct pro-
portion to the number of children. One-third of the planning. respondents had 
made no plans to lighten the debt load because of the equitable treatment ob-
jective. Flexible credit provisions and a purchase price based on the true 
farm value may prevent an excessive debt burden. 
The going concern objective was possessed by four of the respondents. 
Continuous farm production was broken in the settlement of one-third of the 
relatives' estates; however, the new operator purchased the property of the 
original operator in all but three of these cases. In one instance, three years 
were required before the new operator reached the level of production attained 
by the original operator. The going concern may be interrupted because per-
sonal property has to be sold to pay estate settlement costs. Landowners 
may assure continuous farm production by incorporating farm assets, by 
making inter vivas transfers or by giving the operating heir an option to buy. 
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The latter action would be less likely to conflict with the equitable treatment 
and the retirement income objectives, 
Maintaining a farm unit of economical size was as important to the re-
spondents as the going concern objective. In two-fifths of the estates studied, 
land was subdivided during and after the estate settlement. This subdivision 
was considered excessive, for the 'farm unit was assumed to be of adequate 
size upon the landowner's death. Equal distribution of property among the 
heirs was responsible for most of this division. Only four cases were caused 
by friction among the heirs and by excessive settlement costs. A family un-
derstanding may prevent the division resulting from friction among the heirs. 
Insurance and savings can provide enough liquid assets to pay 'the settlement 
costs. The remedial measures mentioned under the going concern objective 
are also applicable to this objective. 
In conclusion, the respondents were making little use of the alternative 
means of achieving their transfer objectives. This failure may be attributed 
to inadequate information regarding the operation and results of these prac-
tices. This limitation indicates a need for an educational program to inform 
farm people of the use and consequences of these courses of action. For 
those landowners who fail to take positive steps to achieve their objectives, 
remedial measures could be sought through legislative channels. The posses-
sio'.11 .;f c.onflicting objectives was also a deterrent in the transfer process. 
Additional studies need to be made of the eompetitive and complementary 
associations between transfer objectives. The results of these studies should 
help farm parents to solve the problems of transferring property within the 
family. . 
INHERITANCE OF FLORAL ABNORMALITIES IN ALFALFA1 
John Wesley Dudley' 
Department of Agronomy 
The question of disomic versus tetrasomic inheritance in alfalfa has im-
portant theoretical and practical aspects. This question is of theoretical 
interest in determining whether common alfalfa had an allo- or autoploid 
or1g1n. From a practical standpoint, the rate of inbreeding depression, the 
ease of addition of desirable genes to established varieties, and the methods 
necessary for estimating quantitative characteristics of populations vary with 
the type of inheritance exhibited by a species. 
This paper presents the results of study of several types of progenies 
which segregated for branched raceme and vestigial flower. 
Study of Branched Raceme Character 
On the basis of Fz and backcross segregations, Dudley and Wilsie (1) pro-
posed that raceme branching was conditioned by three genes, Br, Ra, and Ra'. 
It was assumed that Br acted as a tetrasomic gene with chromosome segre-
gation and that Ra and Ra' were the same gene located on chromosomes which 
had become differentiated and paired in an alloploid manner. 
To test this hypothesis F 2 and backcross plants were selected from both 
the normal and branched classes and self-pollinated to produce F 3 and B. C. S1 
lDoctoral thesis number 1856, submitted December 5., 1956. Chairmen of 
Committee, C.P. Wilsie and I.J. Johnson, Department of Agronomy. 
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progenies. If the proposed hypothesis were correct the F 3 and B. C. S1 popula-
tions derived from F 2 and backcross plants with branched racemes should 
have shown no normal segregates. Normal F 2 and backcross plants should 
have produced progenies which would give segregations typical of this hypoth-
esis. 
Segregations which were obtained from F 2 plants having branched racemes 
varied from 1 :1 to 1 :15. There were also some families which produced no 
normal segregates. Most normal F 2 plants produced F 3 segregations which 
varied from 35:1 to 9:7 although one population was obtained in which no plants 
with branched racemes were found. B. C. S1 segregations obtained from nor-
mal backcross plants varied from 6:1 to 9:7. Segregations from backcross 
plants having branched racemes ranged from lc2 to 1:20 with some families 
producing no normal segregates. 
Because the original hypothesis could not explain these results, an alterna-
tive hypothesis was proposed. The data indicated that at least one gene in 
addition t6 those already proposed was involved and that some more complex 
gene dosage relationship than that originally proposed was present. Consider-
ing these results, the symbols A, Br, Ra, and Ra' were proposed for genes 
controlling raceme branching. A and Br were assumed to be tetrasomic genes 
with chromosome segregation; Ra and Ra' were assumed to be duplicate di-
somic genes. Plants with the genotype BrBr-- and RaRa-- were assumed to 
be normal regardless of the state of the a locus. Plants with genotypes BrBr--
Rarara'ra' or Brbrbrbr RaRa-- were a;;-sumed to be normal only if at least 2 
dominant A genes were present and plants of genotype Brbrbrbr Rarara'ra' 
were considered normal only if at least three dominant A genes were present. 
F 2, F 3 , B.C. andB.C.S1 results were used in establishing this hypothesis. 
Results from crosses other than the one on which the hypothesis was estab-
lished supported the hypothesis. The proposed hypothesis was also supported 
by segregations obtained in S 2 progenies from the normal parent and by F 4 and 
B. C. S2 segregations. 
Study of Vestigial Flower Character 
V, F, and F' were proposed by Dudley and Wilsie (1) as symbols for genes 
controlling vestigial flower. V was assumed to behave in a tetrasornie man-
ner with chromosome segregation. F and F' were assumed to act as duplicate 
disornic genes. 
To test this hypothesis plants were selected from the normal and vestigial 
flowered classes in the F 2 and backcross generations and self-pollinated to 
produce F 3 andB.C.S1 populations. Normal F 2 plants gave F 3 segregations 
varying from 6:1 to 1:1.5. Segregations obtained from F 2 plants having vesti-
gial flowers varied from 7:9 to 1 :15 with several progenies having no normal 
segregates. Normal backcross plants produced B. C. Si segregations varying 
from 2:1 to 1 :2. Abnormal backcross plants gave segregations which varied 
from 7:9 to l :11. There were also some families which produced no normal 
segregates. 
Because the original hypothesis did not satisfactorily explain these results 
a new hypothesis was proposed. Four genes, D, V, F, and F', were postulated 
with D and V behaving in a tetrasomic manner and F and ,F' acting as duplicate 
disomic genes. Plants of genotype VY-- FF-- were assumed to be normal 
regardless of the status of the d locus. Plants of genotype VY-- Fff'f', Vvvv 
FF--, and Vvvv F££ 1£1 were as;-umed to be norm.al only i£ at least three domi-
nant D genes were present. 
As was true for the branched raceme character, F 2, F 3, B. C., and B. C. S1 
results were used in establishing this hypothesis. Although no critical test of 
the hypothesis was available, results from F 4 and B.C.S2 segregations sup-
ported this hypothesis. It was also supported by Sz segregations of the normal 
parent and by Fz and backcross segregations in crosses other than the one 
discussed here. 
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Summary 
The results of this study indicated that at lea~ four genes were involved 
in conditioning each of the characters, branched raceme and vestigial flower. 
In each case it was probable that two of the genes involved were tetrasomic in 
nature and two behaved as duplicate disomic genes. 
The characters, branched raceme and vestigial flower, would be of little 
practical value as genetic markers because of the complexity of the genetic 
mechanisms controlling their inheritance. 
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MANAGEMENT PRACTICES FOR MAINTENANCE OF 
NATIVE PRAIRIE IN IOWA1 
John Helmuth Ehrenreich2 
Department of Botany 
Only a few isolated tracts of the virgin prairie which once covered five-
sixths of the state of Iowa remain intact. Two of these were purchased by the 
Iowa State Conservation Commission in order to have under oontrQl of the 
state a living museum of the characteristic native prairie landscape and to 
make available a field laboratory for s·tientific study. 
The objective of this study was to investigate the interactions of the soils, 
microclimate, and vegetation of the prairie community as affected by various 
management practices. The practices applied to the Hayden prairie in north-
eastern Iowa included several modifications and combinations of complete 
protection, burning, and mowing. The entire tract was under complete pro-
tection from 1945 to 1953, when it was determined that the prairie had passed 
its highest rate of recovery chiefly because the accumulation of litter and 
<luff exceeded the annual yield of vegetation. The first burning experiment 
was initiated in March, 1954. 
Plants on recently burned areas began growth two to three weeks earlier 
in the spring than plants on unburned areas, The more rapid rate of growth 
on burned areas was manifest by the 1955 yields from plots clipped at four 
different dates during the growing season. The greatest yields obtained from 
burned plots were from the first clipping (May 30) while the greatest yields 
obtained from the unburned plots were from the second clipping (July 1). As 
a result of the advanced growth on the burned areas, the plants reached 
various stages of maturity at an earlier date than on the unburned areas. 
The number and height of flower stalks of forbs and native grasses were 
greater in burned than in unburned areas. The number of seedstalks of blue-
grass decreased with the frequency and severity of burning. The frequence 
x abundance of seedstalks of native grasses increased after burning, while 
I Doctoral thesis number 1893, submitted March 12, 1957. 
Chairman of Committee, J.M. Aikman, Department of Botany. 
2B. s., Colorado Agricultural and Mechanical College, Ft. Collins. M. S., 
ibid. Graduate Assistant, Agricultural Experiment Station. 
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that of other grasses decreased after burning. By the third growing season 
after burning, the number and height of flower stalks of £orbs and native grasses 
were about the same as on the unburned areas. The greater number and height 
of seedstalks on burned areas may have been caused by the earlier growth of 
the plants, induced chiefly by higher temperatures and/or by increased avail-
ability of certain nutrients, or it may have been caused at least in part by a 
change in the growth-differentiation balance induced by the accumulation of a 
greater supply of carbohydrates. 
The soil temperature was considerably higher at all depths in the burned 
than in the unburned areas until July or August, after which date there was 
essentially no difference. Higher soil temperatures on burned areas were 
probably due to removal of the insulating effect of the great amount of litter 
and duff and the darker exposed soil surface. The difference between maxi-
mum and minimum air temperature at one inch above the ground was greater 
on burned than on unburned areas until June, after which there was essentially 
no difference. Temperature seemed to be the most limiting factor of plant 
growth between burned and unburned areas during the early part of the growing 
season. 
The available soil water was depleted more rapidly in burned than in un-
burned areas because of the faster transpiration from the earlier development 
of the vegetation, and also because of faster evaporation from the soil surface 
caused by the higher soil temperatures. There was adequate soil moisture 
for plant growth during the entire growing season for both 1955 and 1956. No 
difference was noted in soil volume weight or percentage pore space in burned 
and unburned areas. 
A slight increase was noted in the pH of the surface 0. 75 inch of soil in 
recently burned areas. Although available phosphorus as measured in 1956 
was low on all areas, a considerable increase was noted on all burned areas. 
There was essentially no difference in exchangeable potassium or in nitrate 
production in the top O. 75 inch of soil from burned and unburned areas. Or-
ganic matter determinations showed that burning for as much as three con-
secutive years had no effect on total organic matter in the top six inches of 
soil. 
There was no significant difference in total yield of vegetation from burned 
and unburned areas. Clipping four times during the growin season reduced 
yields compared to clipping at the end of the growing season. Frequent clip-
ping for the second consecutive year caused considerable reductions in yields 
while clipping at the end of the growing season for the second year resulted in 
only very slight reductions of yields. 
Following recovery of the mesic Hayden prairie, complete protection for 
four to six years after the burning resulted in an accumulation of litter and 
duff which would equal or exceed the annual yield of vegetation. 
Grazing is considered too severe a practice on native prairie in eastern 
Iowa. 
A suitable management plan which would be in keeping with the perpetuation 
of the native vegetation would be to mow in early autumn approximately two-
thirds of the tract every year, leaving certain critical areas unmowed. A 
management program based on mowing as required, with occasional burning 
to promote seed production of native species, would p0robably be more suit-
able. The prairie should be kept under constant surveillance so that the 
management plan could be altered in event of any adverse effects which might 
occur in either the native flora or fauna. 
168 ABSTRACTS OF DOCTORAL THESES, 1956-57 
CATION-EXCHANGE EQUILIBRIA ON A SULFONATED 
POLYSTYRENE-D!V!NYLBENZENE RESIN1 
John Morris Erickson2 
Department of Chemistry 
A study was made of the conditions that exist at equilibrium for the ex-
change of NHt and Nd+ 3 between a known external solution and a resin of the 
sulfonated polystyrene-divinylbenzene type. The resin was Dowex-50-X8 
which had been reprocessed to an analytical grade product by Bio-Rad Labo-
ratories of Berkeley, California, and bore their designation, Ag-50-X8. Neo-
dymium was furnished, better than 99. 9 per cent pure, by the rare earth 
separation group of the Ames Laboratory of the Atomic Energy Commission. 
Experiments were performed using 13 different equilibrating, or load 
solutions of known compositions and concentrations. They were prepared 
from neodymium and ammonium chlorides. Eight of these solutions had a 
concentration of l, 0 equivalents of total cation per liter (1. 0 N) while the 
other five had 0.1 equivalents of total cation per liter (0.1 N). The ratio, 
equivalents of NHt to equivalents of Nd+', in the l, 0 N solutions varied as 
follows: 999:1, 995:5, 99:1, 98:2, 95:5, 90:10, 80:20, and 70:30. In the 0.1 N 
solutions, the ratios were 9995:5, 999:1, 99:1, 95:5, and 60:40. 
Thirty-gram samples of the air-dried hydrogen-form resin were loaded 
into glass columns so designed that they could be weighed on a 200-gram 
analytical balance at any time during an experiment. At least two columns 
were used with each load solution so that final equilibrium was attained from 
two different directions. 
The various load solutions were passed through their respective columns 
until equilibrium was reached. The columns were weighed and then washed 
free of load solution. The washings were analyzed for chloride ion and from 
this data the amount of load solution in the column when it was weighed could 
be determined. The NHt and Nd+3 was eluted off the resin and determined 
analytically. These data furnished the information from which the amount of 
water in the resin at equilibrium, over and above that associated with the 
load solution, could be calculated. Therefore, the amount of NHt, Nd+', and 
water were determined for both the resin phase and the external solution at 
each equilibrium condition. 
The exchange reaction was represented by a single chemical equation 
showing the ions involved and three different equilibrium "constants" were 
defined applying mass action law principles. K' was calculated directly from 
the molalities of the ionic species involved. K" had the term containing the 
activity coefficients of the ions of the solution phase, which could be esti-
mated, incorporated in it. The other "constant'', K{N, m) was defined by 
modifying the usual equilibrium constant equation so that the equivalent frac-
tion of the different species in the resin could be used in the calculation 
instead of molalities, but keeping the molalities and activity coefficients of 
the ions in the solution phase. These different. "constants" were not constant 
and the manner in which they varied with resin composition was determined. 
Techniques were developed that resulted in the procurement of some pre-
cise data for this uni-trivalent exchange system, 
The literature on ion-exchange equilibria was reviewed and attempts were 
made to explain the data obtained in this investigation using the various exist-
ing theories, but with little success. It was concluded that considerable more 
!Doctoral thesis number 1857, submitted December 5, 1956. 
Chairman of Committee, F, H. Spedding, Department of Chemistry. 
2B, s., University of Wisconsin, Madison. M. S., South Dakota State College, 
Brookings. Research Assistant, Institute for Atomic Research. 
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data, from independent experiments, must be obtained before all the factors 
that must be considered in a satisfactory theory, can be adequately evaluated. 
The relationship existing between the swelling of the resin and the equivalent 
fraction of an ionic species in the resin must be determined. The various 
complex ions that conceivably exist in the solution, hence in the resin, must 
be considered. It is felt that by lumping the effects of the free energy change 
when the resin swells, and the energy of association (other than electrostatic) 
of the cations and the resin anions, into the activity coefficients of species in 
the resin, that these activity coefficients can be defined and determined in a 
manner that will permit the prediction of behavior within the resin phase. It 
is hoped that by accurately measuring volume changes, vapor pressures, and 
other observables, relationships between these quantities and the activity 
coefficients can be established. 
BIOSYNTHESIS AND STRUCTURES OF CORN STARCH1 
Stig Robert Erlander2 
Department of Chemistry 
A study of the change in properties of corn starch during plant growth has 
been made. From this study information concerning the structure of starch 
and its relation to glycogen was obtained. 
Starch consists of both a linear component called amylase and a branched 
component called amylopectin. Since glycogen is also in sweet corn endo-
sperm, the production of starch in sweet corn endosperm involves the three-
fold query: how can the highly branched glycogen, the lesser branched amylo-
pectin and the completely unbranched amylase be produced in the same cells 
and in the same vicinity in these cells? Cumulative evidence seems to point 
towards glycogen as being an intermediate in the synthesis of starch. 
The conversion of glycogen into starch can best be explained by assuming 
an irreversible debranching of the glycogen followed by the connecting of these 
linear debranched chains to form amylase. The partially debranched glycogen 
is amylopectin. The production of longer unbranched chains in the amylo-
pectin allows this partially debranched glycogen and amylase to crystallize 
out of solution in the form of starch granules, the variation in the rate of 
crystallization producing the well-known granular rings. 
The evaporation of water from the kernel appears to be connected with the, 
synthesis of starch and the proportion of amylase in the starch (1). To study 
this, some corn ears were covered with cellophane bags during maturation in 
order to retard the evaporation of water; other ears were husked in order to 
hasten it. 
The mechanism for starch synthesis proposed above involves a simultane-
ous production of amylopectin and amylase. Because the plant is subjected 
to diurnal variations, it is possible that amylase is prodlfced during the day 
and amylopectin during the night. The twelve-hour variations in yield and 
per cent amylase in corn starch were studied in order to determine if such a 
process occurs. 
In order to study the effect of light on the proportion of amylase, potato 
plants were grown under three different conditions: a small amount of light, 
normal daylight, and almost continuous lighting. 
!Doctoral thesis number 1876, submitted December 14, 1956. 
Chairman of Committee, Dexter French, Department of Chemistry. 
2B.S., University of Minnesota, Minneapolis. 
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A study of how starch is produced also involves a study of the structure of 
the components of starch. A statistical model (2) based on the random con-
densation of glucose units was developed (3). It is known that all of the 1, 4-
linkages in amylopectin and glycogen are acid hydrolyzed at nearly the same 
rate (4). Acid hydrolysis would therefore be a reverse of a random condensa-
tion reaction. If amylopectin and glycogen are produced randomly as in a 
hypothetical condensation reaction instead of all branched molecules having 
the same structure, they should behave as statistical molecules during acid 
hydrolysis. Acid degradation studies were therefore made on waxy, dent, and 
sweet corn glycogen. 
The high molecular weights of amylopectin obtained by light scattering 
methods have been subjected to much criticism. The statistical model pre-
dicts that the weight-average molecular weight will be about 100 times the 
number-average molecular weight. This would account for the discrepancies 
found in the literature. Some amylopectins were subjected to sedimentation 
measurements, centrifugation studies (5), variation in the solvent system, and 
variation in the method of dispersing the granules in order to show that this 
great difference is not due to the presence of a small amount of extremely 
large particles. 
From the above studies the following sequence of reactions was postulated: 
sucrose --;> glycogen --;;> (glycogen)4 -protein 
ATP ~ ADP ,,._ (. l · ) · 1 debranching enzyme 7 amy opectln 4 -protem + amy ose 
The following conclusions were made: 
1. Starch is synthesized from glycogen. 
z. A debranching enzyme removes part of the more available exterior and 
interior branches on glycogen and combines them together to form amylose. 
A source of energy, perhaps ATP, is required. 
3. The greater the degree of branching of the parent glycogen, the greater 
the asymmetry of the amylopectin. 
4. The degree of branching will be less on the amylopectin than on the 
parent glycoven. The greater the degree of branching, the smaller the differ-
ence. Therefore, a high degree of branching is not restricted to glycogen, but 
the degree of branching of the amylopectin depends on the degree of branching 
of its parent glycogen. 
5. The greater the degree of branching of the parent glycogen, the lower 
the j9-amylolysis limit for the amylopectin. 
· 6. The greater the degree of branching of the amylopectin, the lower the 
molecular weight of the amylase in corn starch. 
7. Amylase and amylopectin are produced at the same time of the day in 
the starch synthesizing cells. 
8. It is postulated that waxy maize endosperm does not normally produce 
amylase because of the lower degree of branching in its starch and a lower 
activity of the debranching enzyme. Amylose can be produced by changing the 
conditions in the celL It appears that this production of amylase is brought 
about by increasing the number of receptor groups such as maltose. 
9. The Xn of waxy starch and the parent glycogen of dent starch remains 
essentially constant during plant growth, the variation in Mw being due to the 
variation in degree of branching. 
10. The Mw and Xn for sweet corn amylopectin increases with maturity. 
It is postulated that the high degree of branching in the immagure glycogen 
sterically hinders the phosphorylase enzyme giving a limiting molecular 
weight for the resulting amylopectin and glycogen. 
11. A comparison of the Xn for the amylopectins shows that waxy> dent > 
sweet. This agrees with the phosphorylase activities when amylopectin is the 
primer (6). 
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12. The structure of amylopectin and glycogen is between the statistical 
model and the less random model I (3). These statistical molecules seem to 
be chemically linked to a protein molecule. The chemical aggregate seems to 
exist in groups of four. 
13. Sedimentation studies show that two components are pres.ent in imma-
ture waxy maize starch. The nature of the slower component is not known. 
However, it disappears during maturation and does not appreciably influence 
the light scattering results. Its molecular weight is in the millions. 
14. Centrifugation studies, sedimentation measurements, variation in sol-
vent, and variation in method and dispersing agent show that no physical 
aggregates are present in amylopectin solutions. The high Mw is due to the 
broad distribution and to chemical aggregates, each aggregate existing as four 
molecules tied together, perhaps to a protein nucleus. 
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DECAY OF SILVER MAPLE (ACER SACCHARINUM L.) 
IN CENTRAL IOWA1 
Wallace Eugene Eslyn2 
Department of Botany 
The progress of decay in silver maple (Acer saccharinum L.) stands was 
investigated on three bottomland areas in ce,rt;;tl Iowa; located in the Ledges 
State Park, near South Amana, and near Homestead. The sample comprised 
a total of 845 trees ranging in diameter from 4.0 to 30.9 inches. Trees were 
included solely on the basis of diameter and chance encounter, regardless 
of their form or condition. Ages were determined from increment cores 
extracted at the 1 foot level on the bole. 
The increment borer culture technique used to investigate progress of 
decay in these stands was a modification of the Varner method. An increment 
core was extracted from the 1 foot level of each tree by means of an incre-
ment borer previously sterilized in 1 :1000 mercuric chloride. A portion of 
the heartwood was separated from the extracted core with a pair of flamed 
scissors and inserted into a flamed test tube containing malt dextrose agar. 
Flaming was accomplished by means of a portable propane burner. Cultures 
were transferred to the laboratory and incubated for 3 weeks at 22 •c. 
Identification of all basidiomycetes isolated from increment cores was 
attempted unsuccessfully through use of a key based on macro- and micro-
scopic cultural characteristics. The failure to identify any of these fungi was 
not unexpected as the number of decay fungi included within the cultural key 
I Doctoral thesis number 1872, submitted December 13, 1956. 
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was incomplete. To aid in the identification of the various isolates, compari-
sons were made with cultures obtained from basidiomycetes found fruiting on, 
or near, silver maple. In this manner six cultures were identified as Pholiota 
adiposa and two as Polyporus ~· The remainder of the cultur~e 
unidentified. 
Trees, from which basidiomycetes or cores exhibiting decay had been 
extracted, were termed "positives". A total of 148, or 39 per cent, of the 
trees sampled in the Ledges area, 51, or 25 per cent of those in the South 
Amana area, and 58, or 22 per cent of those in the Homestead area, were 
found 11positive 11 • 
Incidence of basidiomycetes was found to increase with increasing age only 
in the 90 and 100 plus year age classes. The trend toward increase in inci-
dence with decreasing age, below 90 years, was believed due to expression of 
vigor rather than of age. Incidence of basidiomycetes was found to decrease 
with increase in vigor, as expressed by crown class. To study the effect of 
dbh upon incidence, and to prevent the age factor from affecting the results, 
the total percentage of "positives" by dbh classes was tabulated only for the 30 
and 40 year age classes. An indication of decreasing incidence of "positives" 
with increasing diameter was noted from the 4 to 16 inch diameter classes, 
and then again, from the 16 to 22 plus diameter classes. 
To determine the extent of decay it was necessary to fell all "positive" 
trees. The fallen trees were bucked-up and the decay present within the first 
16 feet was measured. As the primary purpose of the culture technique was 
determination of butt rot, decay originating at, or progressing down to the 
1 to 3 foot level, was tabulated separately from decay confined to the upper 
portion of the bole. The full extent of butt rot was measured, regardless of 
how high is penetrated, and its widest diameter noted. A trend toward in-
crease in extent of butt rot was shown to exist with increase in age, although 
inconsistencies, possibly due to sample size, were present. Age was asso-
ciated more with average rate of increase in diameter of decay then with 
average rate of increase in height. While a general increase in butt rot ap-
peared with increase in dbh class, the trend was not as apparent as that indi-
cated by age. The same over-all trend in decay increase was noted for the 
entire 16 foot log as it was for the butt. The average extent of decay was 
small due to the number of "positives" in which visible decay was absent. 
External indicators and entrance points for decay fungi were tabulated for 
the first 16 foot log, They were separated into eight groups and both their 
frequency of occurrence and average associated height of decay were calcu-
lated. These groups were, in order of frequency, swollen knots, seams and 
scars, open wounds, dead branches, branch stubs, decayed knots, holes, and 
miscellaneous, Open wounds accounted for the greatest percentage of total 
resultant rot, followed by the two groups, swollen knots, and seams and scars. 
A nondestructive technique, utilizing a Thulium X-ray Unit, was tested 
for the first time on living trees. A total of 115 exposures was made on trees 
of varying diameter. Seventeen trees were X-rayed twice, the second expo-
sure being taken at a position approximately 90 degrees from the first, in an 
effort to more accurately determine defect position. The resultant X-rays 
were analyzed both visually and with the aid of a densitometer. Defects caus-
ing a loss in wood density were indicated on density curves as deviations from 
a drawn "normal 11 curve. Cavities and advanced decay present in trees up to 
22 inches in diameter were indicated through the use of this technique. The 
position of bole irregularities, such as involutions and flat faces, correlated 
well with high density areas found on the exposed film. Decayed areas, H 
present in the vicinity of these irregularities, usually were masked by the 
latter. The drawing of a "calculated normal" curve compensated for this 
masking effect. 
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EFFECTS OF INHIBITORS ON ALKALINE PHOSPHATASE, 
RIBONUCLEIC ACID, AND MORPHOGENESIS IN THE DOWN FEATHER1 
Robert John Fabiny2 
Department of Zoology and Entomology 
1 73 
Feathers fail to form when embryonic skin from chick embryos of stages 
30 to 32- is grown in a culture medium containing approximately 513 µg/ml 
of (ethylenedinitrilo)tetraacetic acid (Versene). The development of feathers 
is only retarded when older explants are treated with the same concentration 
of this acid. Thus, the size and completeness of form attained by the feather 
in the presence of Versene are dependent upon the stage of the primordium 
which is explanted. 
Histologically, the Versene-modified feathers have mesodermal pulp which 
is less compact than that of control feathers. No gross damage to the meso-
derm .is observed, however, in contrast to the destruction of the pulp reported 
for beryllium. The epidermis which covers such a feather locus consists of 
a thin, sometimes flat, layer of cells which is only slightly elevated above 
the general surface of the skin. 
Histochemically, the Versene-modified feathers do not possess the phos-
phatase-positive reaction in the cytoplasm, nuclei, and nucleoli of their meso-
dermal cells which is characteristically found in controls. Instead, pale 
nuclei with only one or two phosphatase-negative nucleoli are noted in cells 
which do not possess an enzymatic reaction in the cytoplasm. Ribonucleic 
acid does not <1;ccumulate in the· cytoplasm of epidermal cells next to the 
phosphatase-negative pulp. The epidermis which caps the mesodermal locus 
extends slightly above the level of the adjoining epidermi~ and its cells lack 
the basophilia of controls. 
The inhibitory effects of Versene can be prevented by treating skin simul-
taneously with metallic ions and Versene. The presence of MgC12 or MnC12 
(250 µg/ml) in clots which at the same time contained the optimal amount of 
Versene (513 µg/ml) maintained nearly normal feather growth (i.e., pre-
vented the usual inhibition by Versene). In appearance, the doubly-treated 
feathers exhibited many features characteristic of controls--a dense meso-
dermal pulp, strongly positive for alkaline phosphatase capped by an opaque, 
thick layer of epidermis. The basophilia (due to RNA) in sections of a doubly-
treated feather was not as intense as in the epidermis of the control, but did 
exceed that found in the Versene-treated feather germ. 
It is concluded that the inactivation of the enzyme when Versene is added 
to the feather system markedly affects the synthesis and presence of RNA in 
the overlying epidermis. The resulting decrease of RNA limits the synthesis 
of protein and fuhibits morphogenesis. 
In contrast to Versene which affects the pulp because it chelates metallic 
ions needed by alkaline phosphatase for its acitivity, fJ-2-thienylalanine ( fJ-2-T) 
specifically inhibits the epidermis. When skin from chick embryos of stages 
30 to 33 is grown in a culture medium containing approximately 1. 7 to 1. 8 
mg/ml of fJ-2-T, feathers are completely inhibited except for mesodermal 
condensations covered by a thin, flat epidermis. Older feathers are only 
partially retarded by such a concentration. 
Histologically, the epidermal component of completely inhibited feathers 
is thick and assumes a plane-convex shape, with curved side toward the 
!Doctoral thesis number 1916, submitted May 29, 1957. Chairman of 
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mesoderm. The constituent cells of the epidermis round up and become some-
what irregular in outline. All epidermal cells possess nuclei with only one 
huge RNA-positive nucleolus, and greatly reduced cytoplasmis RNA. Partially 
inhibited feathers are sometimes capped with epidermal cells which contain a 
single large nucleolus. The mesodermal cells of inhibited feathers appear 
normal when compared with those of controls, 
Histochemically, completely inhibited feathers always exhibit a slight phos-
phatase reaction. Partially inhibited feathers show a moderate to strong re-
action depending upon their position in the feather tract and their comparative 
age within a piece of skin. Such a differential in phosphatase reaction is much 
less apparent in control cultures, although there are slight differences between 
feathers of differing age. The disposition of RNA within epidermal cells of the 
completely inhibited feathers is abnormal. The nuclei contain huge nucleoli 
filled with RNA. Only occasionally are such abnormal nucleoli observed in 
partially inhibited feathers, and not at all in controls. The amount of RNA in 
the cytoplasm is greatly reduced by fJ-Z-T. However, there is still consider-
able RNA in the inner one-third of the cytoplasm of those cells bounding the 
mesoderm; the RNA may be bound to phosphate complexes in this region. 
The simultaneous addition of L-phenylalanina (1. 7 to 1. 8 mg/ml) and fJ-Z-T 
to culture media maintained feather growth, In appearance, the doubly-treated 
feathers exhibited a dense mesodermal pulp capped with a thick, clear epider-
mis. The pulp showed a strong phosphatase reaction. Similarly, the epider-
mis possessed accumulations of basophilic granules in all cells, particularly 
in those cells adjacent to the mesodermal pulp. These feathers were indis-
tinguishable from normal controls. 
It is suggested that fJ-Z-T acts either by (a) preventing the release of RNA 
from the nucleolus to the cytoplasm of (b) antagonizing the utilization of RNA 
during the synthesis of peptides and proteins. 
MILK SERUM EQUILIBRIA AS SHOWN BY DIALYSIS, 
ULTRAFILTRATION AND ULTRACENTRIFUGATION. I.1 
Cecil Garfield Fortney, Jr. 2 
Department of Dairy and Food Technology 
Introduction 
The initial objectives of this study were to evaluate the ionic equilibria 
(including caseinate) of milk, by use of resin membrane electrodes (5) and 
dialysis techniques, Difficulties encountered with both, led to the development 
of "pressure dialysis" and relatively simple ultrafiltration apparati and tech-
niques. These techniques, together with ultracentrifugation, were employed 
tp: (1) separate milk centrifugally into several components (unheated centri-
fugal skim milk (UCS), unheated centrifugal whey (UCW), a lipid component 
(not studied}. unheated native caseinate (UNG) and centrifugal cream (not 
studied)); (Z) determine dialyzable inorganic constituents in unheated whole 
milk (Aug. 1955 through Mar. 1956); (3) determine inorganic constituents, 
dialyzable from UCS, UCW, and washed, reconstituted UNG; (4) evaluate, in 
a preliminary way, effect of pasteurization temperatures on dialyzable con-
stituents of whole milk; (5) evaluate inorganic constituents in ultrafiltrates 
!Doctoral thesis number 1822, submitted July 11, 1956. 
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from UCS and UCW; (6) determine major inorganic constituents in unheated, 
bulked, whole milk (April 1955 through March 1956); and (7) determine the 
phosphoric acid presumably esterified with the OH groups in hydroxy amino 
acids (nuclear phosphorus), which had been prepared by acid precipitation 
from washed UNG or from UCS. 
Methods Employed 
The analytical methods, employed for the various inorganic constituents of 
milk, were: Na (7), K (6), Ca and Mg (4), Cl (2), and inorganic P (3). 
The electrodes employed contained the cationic resin rod of Kressman (5) 
and were fabricated and used in a manner similar to that of Carr (1). 
Results 
Methods developed 
The chloride determination developed (2) was found to recover an average 
of 97. 8 per cent of the chloride added to milk. 
The continuous pressure dialysis procedure (2), employing a pressure of 
115 mm Hg {on a mineral oil layer placed above the sample}, yielded a maxi-
mum weight change (of the sample in the sac) of +4. 0 g during 15 hours; 
maximum gain occurred at 7 hours and maximum -loss at 15 hours. The 
method r·emoved 93. 9 per cent of the osmotically active (freezing points of 
original sample and residue} in 15 hours. 
The ultrafiltration method (2) permitted filtration of 60 ml in 55-60 hours 
(4.4"C}. Consecutive 10 ml aliquots of filtrate yielded identical contents of 
inorganic constituents. 
Inorganic constituents of milk and its fractions 
The average inorganic content of unheated whole milk, during one calendar 
year (April 1955 through March 1956), were: Na 560.1, K 1584.6, Ca 1387.1, 
Cl 1181.8, and inorganic P 722.9 mg/100 g solids-not-fat. 
Nuclear P was lower, when casein was prepared from washed UNG (0. 511 
per cent) than when prepared from UCS (0. 555 per cent). 
Pasteurization of milk (62. 8"C, 30 min} affected only the amounts of Ca 
and Mg dialyzed; the former decreased, as expected, but, contrary to expec-
tation, the latter increased. 
Average constituents, dialyzed from whole milk during August 1955 through 
March 1956, are: Na, K, Cl 100, Ca 24.9, Mg 36.6, and inorganic P 61.3 
per cent of the total in the milk. 
The average percentages of the total inorganic constituents in whole milk 
that appeared in its centrifugal whey are: Na, K, and Cl 100, Ca 42. 0, Mg 
87. 8 and inorganic P 64. 1. 
The dialyzable constituents of unheated whole milk and its centrifugal whey 
were studied. The percentages of Na, K, Cl, and Ca which dialyzed from the 
two products were the same, viz., Na 100, K 100, Cl 100, and Ca 24. 9 per 
cent of the amount in the unheated milk. All of the Mg (87. 8 per cent) and 
inorganic P (64.1 per cent} dialyzed from UCW, whereas but 36. 6 (Mg} and 
61, 3 (inorganic P) dialyzed from the unheated whole milk. These data sug-
gest either. a sequestering action or an adsorption by caseinates, when the 
whole milk is dialyzed. 
Adaptation of cationic, resin-membl:-ane electrodes to measurement of 
ionic equilibria in milk does not seem feasible because of ionic interferences. 
Summary 
Methods for determining Cl in milk, for continuous pressure dialysis and 
for ultrafiltration of milk were developed. 
Averages of inorganic constituents (Na, K, Ca, Mg, and inorganic P} of 
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milk were reported as mg/100 g solids-not-fat, for one calendar year. 
Nuclear P was found to be lower in iso-electric caseins, prepared from 
waAhed, centrifugal, native caseinates than from the companion skim milk. 
Average values were presented for constituents dialyzed from unheated 
whole milks. The constituents dialyzed from unheated whole milk and its 
centrifugal whey were compared. 
The percentages of the inorganic constituents, present in unheated whole 
milk, that appear in the centrifugal whey, were presented. 
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DIFFERENCES IN LITTER SIZE AND GROWTH RATE 
AMONG PUREBRED AND CROSSBRED SWINE1 
James Abner Gaines2 
Departments of Animal Husbandry and of Genetics 
The objectives of this study were to expand the knowledge about breeding 
systems in general and to answer questions pertaining to specific breeds and 
crosses and reciprocal crosses. 
The characteristics studied were litter size at birth, 56 and 154 days, and 
average weight per pig in the litter at 56 and 154 days. 
Litter size was consistently greater at the Ankeny farm while growth rate 
was superior at the Napier farm. Seasonal influences also had marked ef-
fects, although some of the variation due to this source could be described by 
a linear increase in both litter size and weight. 
Age of dam was also an important .. source of variation in all characteristics, 
154-day old litters of gilts averaging O. 7 pigs smaller than those of yearling 
or older sows and 7. 8 pounds less per pig. 
IDoctoral thesis number 1912, submitted May 27, 1957. 
Chairmen of Committee, L.N. Hazel, Department of Animal Husbandry 
and John W. Gowen, Department of Genetics. 
2B. S., Agricultural and Mechanical College of Texas, College Station. 
M. S., ibid. Graduate Assistant, Agricultural Experiment Station. 
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In view of the above facts, the first step in the study was to correct the 
data to eliminate the e££ects of season, farm, and age of dam so that litters 
from sows that farrowed in di££erent seasons, on different farms, and at 
different ages could be compared fairly. These corrections were computed 
by fitting constants. 
The various analyses of variance yielded the following conclusions: 
1. Crossbred Landrace-Poland pigs were superior in growth rate to pigs 
of the two breeds. 595 litters were used. Crossing Landrace boars on Poland 
sows gave results much inferior to crossing Poland hoars on Landrace sows. 
2. Gros sbred sows were superior to purebred sows in litter size at all 
ages. Landrace-Poland sows were superior to other combinations of cross-
breds involving later generations of crossbreeding with Duroc, Chester White 
and Hampshire breeding. 1360 litters were used. 
3. Comparison of LxP and PxL sows failed to demonstrate any difference 
in inherited maternal effect due to the way in which the two breeds were 
originally crossed. 466 litters were involved. 
4. Nine inbred lines of Poland boars when topcrossed on Landrace sows 
yielded significant differences between the lines for 154-day weight and litter 
size at birth. In these topcrosses the lines ranked in approximately the same 
order of merit as in earlier test matings on sows of Poland breeding. 83 
litters were available for this comparison. 
5. The statistical significance of differences between boars of the Belts-
ville strains, the Yorkshire and Hampshire breeds was doubtful, but the 
Hampshire and Yorkshire breeds did rank above the Beltsville strains in the 
final amount of marketable product. 136 litters were used. 
6, Using a fourth breed of boar on Duroc-Poland-Landrace sows gave 
results superior to the use of one of the two breeds originally used to start 
the cross when the fourth breed was Yorkshire, Hampshire or Montana No. 1. 
However, the poorest results in total litter production resulted when the 
Chester White was used as the fourth breed. 246 litters were involved. 
7. Chester White boars sired litters that averaged one-half pig larger at 
birth but one-fourth pig smaller at 56 and 154 days than those sired by Duroc 
boars. Sows used were of Landrace-Poland breeding, and 276 litters were 
concerned. Litters by Duroc boars were also heavier in average weight per 
pig at both 56 and 154 days. 
8. Variance components were estimated and expressed as fractions of the 
sums of components for each trait. The error components made up from 82 
to 95 per cent of the totals. 
It a,ppears possible to attain high production and to maintain it through 
subsequent generations by a system of rotational crossbreeding using several 
breeds of boars upon succeeding generations of crossbred sows. Using the 
Landrace in the early stages of the crossbreeding system had definite advan-
tages because of the high production of crossbred Landrace sows. Initiating 
the system with Landrace sows was superior to reversing the sexes with the 
same breeds. 
Phenotypic correlation coefficients among the five performance traits 
measured were computed, using all 1360 litters involved in the study. Cor-
relations between the three measures of litter size were large, positive, and 
highly significant. Those of litter size at birth with average 56 and 154-day 
weights were negative, but the situation was reversed at later ages. There 
was no correlation between litter size at 56 days and 56-day weight, but a 
positive correlation existed between litter size at 56 days and 154-dayweight, 
A positive correlation of • 68 existed between average 56-day weight and 
average 154-day weight of the litter. 
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RELATIVE IMPORTANCE OF EPISTATIC AND NONEPISTATIC 
GENE EFFECTS IN MAIZE1 
Edwin Ernest Gamble2 
Department of Agronomy 
The relative importance of epistatic and nonepistatic gene action in the 
inheritance of a quantitative trait has not be-en determined. Most of the pre-
vious studies concerned with differentiating the type of gene action in the 
inheritance of a quantitative trait have assumed that epistatic gene action was 
negligible. An evaluation of the relative importance of epistatic and nonepi-
static effects in the inheritance of quantitative characters would be useful for 
the following reasons: {l) as an indication of the bias in results obtained from 
genetic models assuming no epistasis, (2) as an indication of the importance 
of epistasis in the basic genetic mechanisms, and {3} as an indication of the 
best plant breeding techniques to be used in a breeding program. 
The study reported herein was undertaken to provide information of the 
relative importance of nonepistatic and epistatic gene action in certain quan-
titative traits of corn. Individual plant data were collected on six inbred lines 
of corn, their 15 single crosses {F1 's}, 15 F 2 's, and 30 backcrosses. The 
traits measured were yield, plant height, kernel row number, ear length, ear 
diameter, and weight of 100 kernels. The material was grown at two locations 
and in two years. The stability of epistatic and nonepistatic gene effects over 
different environments was considered. The frequency of occurrence of each 
inbred line in the crosses exhibiting significant epistasis in the inheritance of 
the characters was evaluated. In addition, a comparison was made between 
the incidence of epistasis and the degree of heterosis in a cross. 
The relative importance of epistatic and nonepistatic gene action for the 
material studied was determined using the factorial gene model developed by 
Anderson and Kempthorne {1954}. .The factorial gene model permits the esti-
mation of six parameters, namely, K,, E, F, G, L, and M, where: K 2 is the 
contribution due to the over -all mean plus the locus effects and interactions 
of the fixed loci, E and F are the contributions due to the variable effects 
plus the interaction of these locus elfects with the fixed loci {the nonepistatic 
effects), and G, L, and Mare the contributions due to the interaction of all 
possible pairs of variable loci plus the interaction of these interactions with 
the fixed loci {the epistatic effects). Second order and higher interactions 
were assumed negligible. 
Significance of the parameters and a comparison of the absolute magnitude 
of the epistatic and nonepistatic parameters were used to determine the rela-
tive importance of each type of gene action. Both nonepistatic and epistatic 
gene action were important in the inheritance of all the characters studied, 
but nonepistatic gene action was relatively more important. Epistatic gene 
action was slightly less important relative to nonepistatic gene action for the 
character yield than for the other c;haracters in the material studied. 
When combined analyses of the four experiments were made epistatic gene 
action was apparently less important relative to nonepistatic gene action than 
in the case of analysis of individual' experiments. The magnitude of the non-
epistatic parameters varied only •lightly among the four experiments while 
the magnitude of the epistatic parameters varied considerably over the four 
experiments. The results suggested that epistatic gene action was influenced 
more by environmental effects than was nonepist.atic gene action. 
!Doctoral thesis number 1901, submitted April 3, 1957. Chairmen of 
Committee, G. F. Sprague and I. J, Johnson, Department of Agronomy. 
2B.S.A., Ontario Agricultural College, Guelph, Canada. M.S.A., ibid. 
Graduate Assistant, Agricultural Experiment Station. --
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Differences occurred in the crosses for the incidence of epistatic gene 
action in the inheritance of the characters considered. Evaluation of the fre-
quency of occurrence of each inbred line in the crosses exhibiting epistatic 
effects in the inheritance of the characters indicated that some inbred lines 
contributed more epistatic gene action than others. For instance, the inbred, 
B36, contributed much of the epistatic gene action to the inheritance of all 
six characters while the inbred, WF9, contributed little epistasis to any of 
the characters. Other inbred lines were important for their contribution of 
epistatic gene action in certain characters but were of lesser importance for 
other characters. The inbred, Hy, was particularly important in contributing 
epistatic gene action in the inheritance of plant height. 
A comparison was made between the incidence of epistasis and the degree 
of heterosis ·in a: cross. This co_mpari1>0n indicated a fairly good_ relation 
between the incidence of epistasis and the degree of heterosis in a cross. In 
general, if a cross exhibited epistatic gene action in the inheritance of a 
character, a high degree of heterosis was expressed in that cross, 
LABORATORY METHODS FOR IDENTIFICATION 
OF VARIETIES OF SOYBEANS AND OATS1 
Don F. Grabe2 
Department of Botany and Plant Pathology 
Laboratory tests for varietal identification are needed in conjunction with 
purity and germination tests to adequately determine the quality of seed, Such 
tests have several obvious advantages over field plantings. However, satis-
factory procedures for identifying crop varieties in the laboratory have not 
been devised. This study was therefore conducted with the following objec-
tives: (a) to develop procedures for identifying varieties of soybeans and oats 
in the laboratory and (b) to evaluate techniques which may form the basis of 
identification systems for other self-pollinated crops. 
Tabulations were made of distinctly qualitative morphological characters 
of the seeds and seedlings of each of 80 soybean and 116 oat_ varieties. Useful 
characters for distinguishing soybean varieties include seed coat color, hilum 
color, hypocotyl color, and type of pubescence. Seed size and leaf shape are 
of minor value only. Certain oat varieties or groups of varieties may be 
distinguished by the presence or absence of pubescence on the sheath and leaf 
blade. Seedling colors are distinctive in some instances. Seed characters 
are less diagnostic, primarily possessing descriptive value. 
Since many varieties cannot be distinguished by morphological characters 
alone, differential reactions to various physical, physiological, and patho-
logical tests were investigated. Oat varieties can be divided into two major 
groups on the basis of fluorescence of the lemma, but possess no distinctive 
differences in root-fluorescence. The fluorescence test was of little diagnos-
tic value for soybeans; seeds and seedling roots were all fluorescent except 
for a single variety in which the roots were nonfluorescent. Root fluorescence 
in soybeans was shown to _be a simple recessive character. 
Physiological tests such as photoperiod and diffusion pressure deficit 
measurements of seeds proved to be of little value for distinguishing varieties 
!Doctoral thesis number 1899, submitted March 16, 1957. Chairman of 
Committee, Duane Isely, Department of Botany and Plant Pathology. 
2B. S., Iowa State College, Ames. M. S., ibid. 
Graduate Assistant, Agricultural Experiment Station. 
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of oats. Their usefulness for any self-pollinated crop will probably be limited. 
Pathological tests were invaluable in distinguishing morphologically similar 
varieties of both soybeans and oats. Oat varieties were separated by their 
reactions to Helminthosporium victoriae, races 7, 7A, and 8 of stem rust 
(~ graminis ~ Erikss. and Henn.) and races 203, 216, and 232 of 
crown rust(!"..~ Corda var.~· F. and L.). Further distinctions 
can probably be made through the use of additional races of crown rust. 
The application of disease resistance in soybeans to varietal determination 
was demonstrated for the first time. Isolates of the downy mildew pathogen 
(Peronospora manshurica (Naoum.) Syd.) were obtained from plants systemic-
ally infected from oospore-encrusted seeds. The various isolates were iden-
tified by their reactions on a set of 14 differential varieties.. An isolate from 
Illinois differed in reaction from the six previously described races and was 
tentatively called race 7. Isolates from Indiana, Missouri, and three locations 
in Iowa reacted similarly on the differentials and were tentatively referred 
to as race 8. Race 5 was isolated from a collection of seed obtained from 
Georgia. Races 1 and 2, originally described by their reactions on three dif-
ferential varieties, were redefined using the enlarged set of 14 differentials. 
Eighty varieties were tested for their reaction to races 5, 7, and 8, with 
varietal reactions rated according to a set of five infection types. 
These three races were extremely useful in identifying morphologically 
similar varieties. 
The usefulness of pathological tests for determining varieties of soybeans 
and oats suggests similar application in other crops. Prerequisites for such 
tests are the availability of pathogens which are obligate parasites and which 
contain several physiologic forms. 
Satisfactory laboratory determinations of self-pollinated crops should be 
feasible if based on a combination of qualitative characters (morphological, 
physical, physiolotical, and pathological) of seeds and seedlings. Laboratory 
determination of varieties of cross-pollinated crops will, however, present 
difficulties, because of intra varietal variation. Since different varieties may 
include identical population elements, it is not possible to make identification 
specific to a single seed or seedling. Rather, it may be possible only to base 
judgments on the average response of the population of plants to a single 
character. 
Identification procedures as above described should be useful in three 
different areas of seed work: seed certification, seed inspection with respect 
to seed law enforcement, and in seed testing. 
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CHROMOSOME BREAKAGE BY MALEIC HYDRAZIDE AND 
MALEIC HYDRAZIDE DERIVATIVES IN STRAINS OF 
MAIZE WITH DIFFERENT KNOB NUMBERS1 
Gerard Emiel Graf2 
Department of Genetics 
181 
The hypothesis that maleic hydrazide causes breakage selectively in hetero-
chromatin has been tested, Four varieties of maize with different numbers of 
heterochromatic knobs were treated with maleic hydrazide and N-acetyl maleic 
hydrazide and the resulting anaphase bridges were counted. The varieties 
Zapalote Chica (12 knobs), HY (6 knobs), IDT (4 knobs), and knobless flint 
(0 knobs), were tested. A strong positive correlation was found between knob 
number and anaphase bridges after chemical treatment. The differences 
between Zapalote Chico and knobless flint were approximately fivefold for all 
chemical treatments. These data are interpreted as supporting the hypothesis. 
X-ray treatments of 100 roentgens and 250 roentgens appeared to cause equal 
numbers of bridges in all four varieties and definitely did not indicate a po si-
tive correlation between knob number and X-ray induced bridges. Thus, it 
appears that there is a fundamental difference between X-ray and maleic 
hydrazide induced chromosome breakage. 
It has been demonstrated that the N-acetyl, N-caproyl, and N -benzoyl 
derivatives of maleic hydrazide ·cause considerable. chromosome breakage 
relative to maleic hydrazide. Among these derivatives activity seems to be 
positively related with the size of the side chain. 
The hypothesis that maleic hydrazide causes chromosome breakage due to 
reactivity with sulfhydryl groups has been supported by the finding that gluta-
thione antagonizes the chromosome breaking action of maleichydrazide. How-
ever, the related compound N-ethyl maleimide, which is very reactive with 
sulfhydryl groups, did not cause significant chromosome breakage. 
Carlson's finding that maleic hydrazide causes persistent nucleoli in maize 
has been confirmed, It was found that the N-derivatives of maleic hydrazide 
tested also caused persistent nucleoli. 
!Doctoral thesis number 1817, submitted July 9, 1956. 
Chairman of Committee, Joseph G. O'Mara, Department of Genetics. 
2B. S., Tufts College, Medford, Massachusetts. M. S., Iowa State College, 
Ames. Instructor. 
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COMPETITION BETWEEN CORN AND WEEDS1 
Winston Philip Hackbarth2 
Department of Botany 
The objective of this investigation was to study the effects of weed compe-
tition on the growth and yield of corn under different envirorunental conditions. 
Weed control experiments in progress were utilized to obtain information on 
the effect of weeds on growth and yield of corn. On the basis of these results, 
field experiments were devised to investigate the interaction of factors in 
corn-weed competition, and greenhouse experiments were designed to investi~ 
gate the effects of separate factors. 
The twelve weed control practices used in these studies ranged from three 
normal cultivations to no cultivation, with supplemental spray applications. 
Treatments based on three cultivations resulted in better weed control and 
higher corn yields than other treatments in the first year of the study. Sub-
stitution of an adequate pre-emergence spray treatment for one cultivation 
did not significantly reduce corn growth and yield. In the experiments of the 
second year, under conditions of above normal rainfall and below normal tem-
perature, the corn was reduced in plant size and yield approximately 18 per 
cent. Under these conditions adequate spray treatments gave better results 
than those based on three cultivations. Strip spraying was not significantly 
better than over-all spraying. 
In experiments to test weed control with and without cultivation, the hand-
weeded plots averaged 50 per cent greater yield of corn than the unweeded 
plots, independent of cultivation treatment. Corn height and yield in the plots 
were reduced proportionately as weed yields increased. Correlation coeffi-
cients between corn yields and heights, corn yields and numbers of leaves, and 
corn heights and numbers of leaves were 0. 96, O. 97, and O. 99 respectively. 
Early season weed control was important in preventing weed establishment 
and its effects on corn yields. Omission of ··the second cultivation caused no 
increase in weeds or reduction in corn yield, whereas, omission of the first 
cultivation increased weed yield and decreased the corn yield. Removal of 
weeds at progressively later stages of the corn development caused propor-
tionately more reduction in yield. Cultivation with inner shovels removed to 
prevent corn root injury significantly lowered corn yield because of high weed 
infestation. 
Field comparisons at high infestation rates were made between annual 
grasses, Setaria spp., and broad-leaf weeds, Amaranthus spp., as competitors 
with corn. The weed yields in pounds per acre of Setaria, Setaria-Amaranthus 
mixture and Amaranthus were 4691, 4276, and 3954 respectively. Corn yield 
was reduced by Setaria from 111. 9 bushels per acre in the weeded plots to 9. 8 
bushels per acr~eld was reduced by the Setaria-Amaranthus mixture 
from 97.4 to 15. 8 and by Amaranthus from 100. 3 to 31. 8. The suppression of 
th.e corn growth by the heavy infestations of weeds is indicated by the increase 
in stalk-ear ratio: 0. 43 in the weeded plots, 0. 59 in the Arnaranthus plots, 
1.42 in the mixed weed plots and 2.44 in the Setaria plots. 
Greenhouse studies of the factors affecting weed competition with corn were 
made, using Abutilon theophrasti Medic. and Setaria glauca (L.) Beauv. at two 
rates of infestation and four combinations involVing two water levels and two 
fertility levels. Differences between the high and low levels of fertility and 
moisture were statistically significant, both in corn and weed yields. Setaria 
!Doctoral thesis number 1841, submitted August 16, 1956, 
Chairman of Committee, J.M. Aikman, Department of Botany. 
"B.A., State University of Iowa, Iowa City. B.S., Idaho State College, 
Moscow. Graduate Assistant, Agricultural Experiment Station. 
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was a more effective competitor with corn than was Abutilon in terms of weed 
yield and reduction in growth of the corn. ----
In the low fertility-low moisture combinations it was difficult to ascertain 
which factor had become limiting first. With increase of moisture alone to 
the higher level, there was an increase in yield of dry matter, whereas with 
increase of fertility alone to the higher level, there was no significant increase 
in yield, Light was also a limiting factor due to the winter greenhouse condi-
tions. 
MOLECULAR CALCULATIONS BY THE ONE-CENTER METHOD1 
Stanley Hagstromz 
Department of Chemistry 
The use of the one-center method for the direct calculation of total energies 
of simple or highly symmetric molecules has been investigated. The one-
center method for molecules is aimed primarily at eliminating the calculation 
of many-center integrals such as occur in the conventional methods by re-
placing the usual set of atomic orbitals centered on the various atoms of a 
molecule by a more extensive set of basis functions centered at a single point. 
Problems of polycentric integrals then naturally do not arise, and the only 
two-center integrals are the relatively simple nuclear attraction integrals, 
Application of the method has been to the hydrogen molecule and the triatomic 
hydrogen molecule ion, Hj, using an extensive '1superpositionof configurations" 
formed from the complete orthonormal set of orbitals. 
(Zz)'/z [ n- -1 ~ ] i/z 
n+q+l ~ 3 
(-zr)qLzq+Z (2zr)e-zry (e,qi), 
n+q+l qm 
where L are the Laguerre polynomials, Y qm are the ordinary (complex) 
spherical harmonics, and z, n, q, and mare adjustable parameters chosen to 
provide the most rapid convergence in the energy. 
In general, the calculated energy values are comparable in accuracy to 
those obtained with conventional methods which involve the use of atomic 
orbitals. The results suggest that extensions to somewhat more complex 
cases (such as H 3 or LiH) are probably possible and well within the reach of 
computing machines now available. Extension to still more complicated cases 
(such as HzO, NH3, Hez, etc.) involving inner shell electrons off the expansion 
center of more than three or four electrons does not seem to be practical. 
In the case of Hz at an internuclear distance of 1. 4 a. u,, the calculated 
energy was -1.151 a.u. for a 38-term expansion without angular dependence 
and -1.161 a. u. for a 44-term expansion including angular dependence. This 
latter value represents the second best calculated energy for this system to 
date. Although not investigated in as great detail, calculations on Ht indicate 
that good results could be obtained by this method for this system also. 
Generally speaking, the convergence of the one-center expansion is slow. 
In view of this slow convergence and from a detailed examination of the calcu-
lated wave function in the case of Hz, it is concluded that highly accurate 
'Doctoral thesis number 1911, submitted May 24, 1957. 
Chairman of Committee, Robert S. Hansen, Department of Chemistry. 
2B.A., University of Omaha, Omaha, Nebraska. 
Research Assistant, Institute for Atomic Research. 
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calculations are not feasible by this method. Mpreover, as shown by the H:t 
results, the convergence becomes slower as the internuclear separations 
become larger. The various factors affecting the convergence have been con-
sidered in detail. 
A one-center calculation on H 2 previously advanced by Huzinaga as support 
for the one-center approach has been shown to be in error. 
The numerical calculations were divided into three relatively independent 
stages: {i) evaluation of all required one and two electron integrals over the 
given set of basis functions, (ii) compilation of the final energy matrix ele-
ments between the various configurations from the basic integrals, and (iii) 
diagonalization of the configuration interaction matrix. The IBM 650 computer 
was programmed to carry out the principal computational processes involved 
in these stages. Routines for calculating the two-center nuclear attraction 
and the electron repulsion integrals, a compiling routine for the configuration 
interaction matrix elements, and eigenvalue routines for the partial or com-
plete diagonalization of the configuration interaction matrix were constructed 
and are described in detail. 
HOST SPECIALIZATION IN PYTHIUM GRAMINICOLUM AND 
PATHOGENICITY OF P. GRAMINICOLUM TO FOUR HOST 
SPECIES IN SOIL AMENDED WITH NITROGEN AND PHOSPHORUS1 
Richard Owen Hampton2 
Department of Botany 
Part I. Host Specialization in Pythium graminicolum 
Pythium graminicolurn was isolated from the roots of crops grown in con-
tinuously cropped and rotation cropped soils. Six such crop isolates were 
individually exposed, in potted soil, to the passage of eight seedling genera-
tions of three varieties of their corresponding host crop. (Soil to be planted 
to oat varieties was infested with a corn isolate, since~· graminicolum was 
not isolated from the roots of field-grown oats.) Pythiurn graminicolum was 
isolated from plants of each variety following the eighth seedling generation. 
The resulting 18 variety isolates were tested for specialization on the same 
crop varieties from which they were isolated. 
A degree of host specialization was demonstrated among isolate-origin 
groups and among individual crop isolates. 
Generally, corn, oat, and Setaria isolates were more virulent on corn, 
oats, and Setaria than were isolates from wheat, barley, and rye; while wheat, 
barley, and rye isolates were more virulent on barley and rye. 
Of the instances of specialization among individual crop isolates, the most 
consistently expressed examples among all_ sources of variation were between 
isolates from corn and rye and between isolates from corn and barley. 
Fifty per cent of all interaction classes involved in the comparison of two 
given crop isolates on their respective and opposite host crops were "positive" 
in effect. This frequeru::e. was g:i;eater.in interactions, involving .only isolates 
from different origin groups. The corn, oat, and Setaria isolates composed 
the "continuously-cropped" origin-groups, while the wheat, barley, and rye 
isolates composed the "rotation-cropped" origin-group. 
1Doctoral thesis number 1882, submitted February 19, 1957. 
Chairman of Committee, W. F. Buchholtz, Department of Botany. 
2B. S. A., University of Arkansas, Fayetteville. M. S., Iowa State College, 
Ames. Graduate Assistant, Agricultural Experiment station. 
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Virulence of variety isolates was not significantly influenced by the level of 
resistance of crop varieties with which they were associated during exposure 
to the eight seedling generations. 
Variety isolates were equivalently differentiated on host-crop groups. 
Likewise, differentiation between isolate-origin groups was equivalent among 
crop varieties. 
Part II. Effect of Soil Infestation by_!'.. graminicolum on Plant 
Responses to Applied Nitrogen and Phosphorus 
Fresh weight determinations were made of four-week-old corn, wheat, oat, 
and barley plants which had been grown in noninfested and Pythium-infested 
soils receiving different levels of nitrogen and phosphorus in three separate 
experiments. An evaluation of the response of these crops to added nitrogen 
and phosphorus in the absence and in the presence of Pythium graminicolum 
indicated that in most cases these nutrient amendments did not affect plant 
susceptibility. Instead, responses to both nitrogen and phosphorus were, in 
general, of lower magnitude in Pythium-infested than in noninfested soil. 
Magnitude of responses to applied nutrients among crops in Pythium-
infested soil as well as the relative magnitude of plant weights in noninfested 
and Pythium-infested soil were conditioned by susceptibility to _!'.. gramini-
colum. Oats artd barley were resistant while corn and wheat were susceptible 
to!'.· graminicolum. Oats and barley rather consistently responded in greater 
magnitude to applied nitrogen and phosphorus in Pythium-infested soil than 
did corn and wheat. In each of three experiments corn failed to respond signi-
ficantly to nit;rogen or phosphorus applied singly or in combination inPythium-
infested soil. While responses to singular applications of either hitrogen or 
phosphorus in wheat, oat, and barley plants growing in Pythium-infested soil 
were seldom significant, plants of these crops responded significantly in 
Pythium-infested soil to combined applications of these nutrients. 
Weights of oat and barley plants receiving nitrogen and phosphorus in 
Pythium-infested soil in experiment three were greater than the weights of 
plants receiving no added nutrients in noninfested soil. This effect was not 
dependent upon fertilizer-conditioned changes in resistance. Instead, these 
two resistant crops were able to respond significantly to added nutrients des-
pite the presence of Pythium graminicolum. 
The ratios of nitrogen to phosphorus in nutrient amendments resulting in 
maximum plant weights in Pythium-infested soil were not characteristically 
different from those of amendments producing maximum responses in non-
infested soil. 
Part III. Seasonal Occurrence of Pythium graminicolum 
on the Roots of Field-Grown Corn in 1956 
The frequence of recovery of Pythium graminicolum from the roots of 
field-grown corn was determined at 11 times during the corn growing season 
of 1956. Pythium graminicolum reached recovery frequence maxima in early 
June {37. 5 per cent) and early September (15. 8 per cent}. Failure to recover 
_!'.. graminicolum in late July and early Allgust was associated with scarce 
midsummer precipitati<>n and high daily soil temperature maxima. 
Pythium graminicolum was not isolated from the roots of field-grown corn 
plants less than 14 days nor more than 132 days of age. 
The recovery frequence of Fusarium species from corn roots was recorded 
four times during the 1956 corn growing season. The combined frequencies of 
these species ranged from 75 per cent on May 22 to 55 per cent on Sept. 22. 
Pythium graminicolum was recovered predominantly from young, vigorou~ 
roots, nearly healthy in appearance. This fungus was recdvered three times 
from crown internode tissue. Fusarium species were the predominant fungi 
cultured from field-grown corn roots during the 1956 corn growing season. 
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STABILIZATION OF IOWA LOESS WITH PORTLAND CEMENT1 
Richard L. Handy2 
Departments of Geology and of Civil Engineering 
One of the more difficult problems in modern road construction is finding 
sufficient aggregates for the base course. In a highway or secondary road the 
surfacing takes the wear, but the base course carries the load and transmits 
it to the subgrade. The base course must have strength, and it must be stable 
during seasonal wet-dry and freezing and thawing conditions. Base courses 
often consist of aggregate or soil and aggregate mixtures. In areas of critical 
aggregate shortage an alternative method is to mix soil with Portland cement, 
add water, and compact it with rollers or similar equipment. This construc-
tion, known as soil-cement, is one of the earliest and most successful methods 
of chemical soil stabilization, and roads constructed of soil-cement have been 
in use since 1935. 
Although there has been some soil-cement construction in Iowa, it is not 
known just how applicable this method might be in different areas of the state. 
Part I of this thesis gives the results of laboratory tests which define mini-
mum cement requirements for various soils in Iowa. The soil material tested 
was loess, a silt deposit of widespread abundance. The properties of loess 
vary over the state, and sampling was done in three areas which have already 
been studied in some detail. These areas are in southwestern, east-central, 
and northeastern Iowa. Samples were obtained to represent the widespread 
range in properties of loess, and to represent the different soil horizons of 
the major loessal soil series in the three areas. Correlation of cement 
requirements to soil series was made, and it was found that Portland Cement 
stabilization would be practicable and economical particularly for the coarser 
loess materials. Many of the medium-textured loess materials show an ex-
treme sensitivity to freezing and thawing, and stabilization of these materials 
would not be economical. With more clayey loessal woils the frost sensitivity 
is reduced, but these soils still are not very economical to stabilize. 
A theory is proposed to account for the extreme frost sensitive nature of 
certain samples on the basis of basic property data such as particle size and 
clay occurrence. The theory is believed to offer a solid basis for further 
research to reduce frost susceptibility, andit should apply to other methods 
of stabilization as well. Briefly, the theory involves moisture movement and 
saturation of pores during freezing, so that subsequent ice expansion forces 
grains apart and breaks the cementation bonds. In coarse loess the final 
freezing water apparently is not confined sufficiently for a build up of high 
pressures. On the other hand in clayey loess the permeability is reduced so 
that less saturation occurs during freezing; the frost sensitivity is reduced 
but not eliminated completely. Frost resistance depends to a large extent on 
the mode of occurrence of clay in the loess; clay as aggregates behave much 
like silt. 
Part II of this thesis described the theoretical development and laboratory 
evidence for a mechanism of cementation in loess, the cementation being ex-
clusive of the well-known cation-exchange and flocculation effects which occur 
almost immediately on mixing. The lortg-term cementation is believed to be 
partly due to pozzolanic reactions between alkali and silt grains, and it is 
demonstrated that the reaction can be improved by raising the pH. Therefore 
'Doctoral thesis number 1814, submitted June 26, 1956. 
Chairmen of Committee, Chalmer J. Roy, Department of Geology 
and Donald T. Davidson, Department of Civil Engineering. 
"B. S., Iowa State College, Ames. M. S., ibid. 
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the use of high alkali cement may actually be preferred in many kinds of soil-
cement, including loess-cement. On the basis of companion studies and cor-
relations with petrographic analyses it is believed that the alkali reaction may 
proceed best with quartz, although this is not known for certain. The same 
possibility is suggested from theoretical considerations of the probable surface 
chemistry of common soil minerals, based on mineral structures and the use 
of the polarization theory of Weyl. It was this theoretical aspect, along with 
chemical evidences of solubility and geologic evidences of the cementing in 
sandstones, which first led the author to suspect significant alkali reactions 
with quartz. Similar reactions with more reactive silicas such as opal or 
glass have been known for some time and were the basis for the early Roman 
cements composed of lime and volcanic ash. The fact that this pozzolanic 
reaction can proceed in the relatively inert loess is indicated by the develop-
ment of considerable cementation in loess mixed only with sodium.hydroxide 
solutions. The alkali reaction is consistent with data on lime-loess stabiliza-
tion described in another report. A possible practical application of the alkali 
effect is indicated by a 15 per cent gain in strength from the external applica-
tion of a sodium hydroxide solution during curing. At its present development 
this procedure is on the borderline economically. 
SOME LOW TEMPERATURE MAGNETIC AND THERMAL 
PROPER TIES OF THE CHROMIUM(III) HALIDES' 
Wilford Nels Hansen2 
Department of Chemistry 
The paramagnetic susceptibilities of the chromium(III) halides have been 
measured as a function of temperature using the Gouy method with powdered 
samples. Measurements were made on CrF3 and CrC13 from 300°K to 60°K 
and on CrBr3 and CrI3 from 400°K to -l 0K. All of these salts were found to 
follow the Curie-Weiss law over a considerable temperature range. The 
Curie-Weiss law is l/XM* = (T-9)/CM where XM* is the molar susceptibility 
corrected for diamagnetic contributions, 9 is the paramagnetic Curie temper-
ature,. and CM is the Curie constant. The effective magnetic moment per 
molecule was calculated from the formula, Peff {Bohr magnetons) = 2. 839 
(CM) . The value observed for the temperature above which the Curie-Weiss 
law holds and the values of 9, CM, and Peff for each compound given are: for 
CrF3, 140°K, -124°, 1.85, and3.86;forCrC13, 100°K, 31°, L70, and 3.70; 
for CrBr3, 120°K, 51°, 1.94, and 3.95; and for CrI3, 150°K, 70°, 2.03, and 
4.04. As the temperature is lowered all of the l/XM* vs. T curves begin to 
curve away from the Taxis. For CrF3, XM* suddenlybecomes very large 
below 70°K. Apparently CrF3 becomes ferromagnetic at this temperature. 
The curves of the other salts approach the temperature axis asymtoti.aally, 
The data obtained confirms work on CrC13 by Woltjer (1) and on CrF3 byBizette 
and Tsai (2). 
The heat capacities of CrC13 and CrF3 were measured calorimetrically be-
tweenabout 15 °K and 300°K. In addition to the direct experimental data. values 
of heat capacity, entropy, enthalpy, and free energy are tabulated at selected 
temperatures. The values of entropy and enthalpy at 298.15°K are: for CrC13, 
lDoctoral thesis number 1827, submitted July 13, 1956. 
Chairman of Committee, R.E. Rundle, Department of Chemistry. 
2B. S., Brigham Young University, Provo, Utah. 
Research Assistant, Institute for Atomic Research. 
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s• = 29.38.:!;_0.10 cal. deg.-1 mole-1 and H 0 -H/j = 4217 .:!;_5 cal. mole-1; for 
CrF3, s• = 22.44 .:!;. 0.03 cal. deg. -1 mole-1 and H 0 -Hij = 3357 .:!;. 4 cal. mole-1. 
The lattice contribution to the heat capacity has been estimated by the method 
suggested by Tauer and Weiss (3). CrF3 and CrC13 exhibit heat capacity maxi-
ma associated with ferromagnetic ordering at 69. 8 °K and 16. 8 °K respectively. 
CrF3 exhibits an additional maximum at 45. 64°K. The origin of the latter 
anomaly is uncertain, but is assumed to be magnetic. Graphs showing the 
electronic entropy change as a function of temperature are given for CrF3 and 
CrC13• The heat capacity data for CfC13 are in qualitative agreement with 
earlier work by Trapeznikova, et al. (4) and Anderson (5). The heat capacity 
of CrF3 has not been previously-m;asured. 
The magnetization curves of CrF3, CrBr3, and C£I3 were determined at 
4.2°K by measuring the intensity of magnetization periodically as the field 
was cycled between 15, 850 gauss and -15. 850 gauss. CrF 3 exhibits hysteresis 
with a remanent moment of 0.036 Bohr magnetons per chromium atom and a 
saturation moment in agreement with the value 0. 12 obtained by Henry, et al. 
(6). CrF3 is evidently ferrimagnetic. The data for CrBr3 indicates no hys-
teresis. Below 300 gauss the intensity of magnetization is strictly linear with 
field corresponding to a molar susceptibility of 6. 98 cgs units/oersted/mole 
in this region. At 5000 gauss the, magnetization is 86 per cent of the expected 
value of 3. 00 ll/molecule. CrI3 shows a large hysteresis coupled with mag-
netic hardness. It exhibits a remanent moment of 0. 34 ll/molecule and a 
coercive force of 1300 gauss. At 14, 500 gauss the magnetization is only one-
third of the expected saturation value. 
Measurements of remanence in CrF3 from 4. 2 °K to 65 °K indicated no 
change of trend near the lower maximum in· the heat capacity curve. 
Some correlations are made between the magnetic and thermal observations 
and the known crystal structures of CrC13, CrBr3 , and Cr!3 • 
The method developed for measuring the magnetization curves at low tem-
peratures is described. Measurements of the magnetization of the sample 
are made in a homogeneous field by observing the current through a solenoid 
around the sample necessary to give a magnetic moment equal and opposite to 
that of the sample. The null point is detected by a small quartz-fiber torsion 
balance mounted outside the cryostat. On one arm of the torsion balance is 
mounted a small piece of iron which is attracted or repelled by the sample 
plus solenoid. The null point is determined by adjusting the solenoid current 
until no deflection of the balance is observed when the sample plus solenoid is 
moved (the balance arm supports a mirror and its position is determined with 
a telescope and lighted scale) •. This method was shown to be useful for other 
types of measurements. It was shown that the method could be used to meas-
ure magnetic susceptibilities of paramagnetic powders at room temperature 
with an accuracy of about 0.1 per cent. The method will permit the detailed 
study of ferromagnetic substances at low fields. Details of the method are 
discussed and further applications suggested. 
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BURSTING SPEED OF ROTATING DISCS1 
Harold Alexander Heckart' 
Department of Mathematics 
In many of the applications of rotating discs, such as gas turbines, it is 
desirable to be able to specify the angular speed at which the disc will fail 
catastrophically. For angular speeds approaching that at which such failure 
will take place, the material is in a state of strain which is considerably 
greater than those for which the material obeys Hooke's law. In order to 
calculate the bursting speed it is therefore necessary to have recourse to a 
theory of plasticity. 
There are two general theories of strain hardening plasticity which are in 
common use. The deformation theory which assumes a unique relation between 
stress and strain, and the flow theory which assumes a unique relation with 
stress and strain rate. In this investigation, the flow theory is used. It is 
assumed that elastic strains may be neglected in comparison with the plastic 
strains, and, in accordance with empirical evidence, that the material is 
incompressible during plastic deformation. 
Tresca's yield condition and the associated flow rule are first applied 
to the problem, and it is found that this yield condition must apparently be 
restricted to the problem of the annular disc. Such an annular disc is con-
sidered, in which the inner radius is one-half the outer radius of the disc, 
and the thickness of the disc is given by H = erk, where h is the thickness, r 
the radial distance to the considered point, and c and k are constants. The 
material is assumed to be AL 24S-T4 aluminum and bursting speeds are cal-
culated for selected values of k ranging from k = -2 to k = 2. It is found that 
the bursting speed varies by some 31 per cent for this range of values of k. 
Thus the bursting speed is not too sensitive to the variation in disc thickness. 
Von Mises' yield condition and the associated stress-strain-rate relations 
are next applied to the problem. Under the assumption that the strain harden-
ing is a function of the distortion, the yield condition may be expressed as: 
S~ - SrSe + S~ = f 2 [ .,/673 f .JdeijdEij J , (1) 
where Sr and s0 are conventional radial and tangential stresses, respectively, 
f is th., function relating simple tensile stress to the resulting tensile strain 
and de ij are the plastic strain increments; the integration being performed 
over the strain path followed in arriving at the considered state. In accordance 
with the previous assumption that the elastic strains may be neglected in com-
parison with the plastic strains, the stress-strain-rate relations of Von Mises 
are used, rather than those of Prandtl-Reuss. For plane stress of an incom-
pressible material, the stress-strain rate relations of Von Mises reduce to 
the single relation: 
(2) 
where er and e 0 are conventional radial and tengential strains, respectively, 
and is angular speed. 
A compatability relation is found, which may be written as: 
er = d(re 0 )/dr. (3) 
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In addition, the equilibrium equation may be written as: 
{4) 
Equations {l ), (2), {3), and {4) comprise a system of four equations for the 
four unknowns, Sr, S 9 , ".r• and e: 9 , This system may be solved numerically, 
and a plot made of central tangential strain versus angular speed. The maxi-
mum of this curve indicates the angular speed for which the central tangential 
strain may increase indefinitely without further increase in angular speed. 
This angular speed should, then, be that at which the disc will burst. 
Calculations are carried through for a solid disc with constant initial thick-
ness, and the material is assumed to be AL 24S-T4 aluminum. Experimental 
evidence shows that the bursting speed is reduced approximately in proportion 
to the percentage of material removed in forming an annular disc. By means 
of this experimental evidence, the bursting speed of the solid disc as com-
puted using Von Mises' yield condition is compared with that of the annular 
disc as computed using Tresca's yield condition. It is found that these agree 
to within about 7 per cent, which the author considers to be in good agreement. 
ESTIMATION OF THE PARAMETERS OF A POPULATION 
FROM A MULTI-CENSORED SAMPLE1 
G. Ronald Herd• 
Department of Statistics 
The specific problems in this thesis were the estimation of parameters 
of univariate populations from samples where multiple points of censorship 
occur. The case of a sample subjected to multiple points of censorship {on the 
right) may be described as follows: A sample of n items is tested; when the 
first one fails at time x1 , a random sample of k1 is withdrawn from the n-1 
items still in test; the remaining items are observed until the second item 
fails at time xz, when kz items are withdrawn; and the process of withdrawing 
a prescribed number ki at the time Xi when the i-th failure occurs continues 
until the r-th failure occurs at time xr, at which time the remainder of the 
items are withdrawn. 
The method of maximum likelihood is employed to estimate the parameters 
for the exponential, the normal, and the gamma distributions. These estimates 
are, in certain cases, difficult to obtain. They require iteration; therefore, 
certain practical limitations exist for their use. A new method of solving the 
likelihood equations for the normal distribution is introduced, and a I!. function 
is tabulated to facilitate the solution. An extension of the censorship proce-
dure to another general type is considered for estimation by the method of 
maximum likelihood. 
The nonparametric estimate of the probability of surviving {quantiles) is 
obtained, and a general method of estimation based on the quantiles is .pre-
sented, which will yield reasonable results when the method of maximum like-
lihood cannot be used, and which will be reasonably efficient in comparison to 
the maximum likelihood estimates when these are available for comparison. It 
is shown that the method of estimation from the quantiles yields the maximum 
likelihood estimate for the exponential distribution for all rules of censorship 
!Doctoral thesis number 1879, submitted December 17, 1956. 
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and the uniform distribution for a random sample. The quantile method is 
asymptotically equivalent to the methods of maximum likelihood for the param-
eters of the normal di'stribution. The method yields a simple result {best 
linear unbiased estimate) for the uniform distribution with single or multi-
censorship. This is an advantage over the maximum-likelihood method, which 
does not furnish a simple result. 
The above results are illustrated by a number of examples taken from 
industrial experiments. It is possible, through the techniques presented, to 
utilize small samples such as exist in industry, and also, although curtailment 
exists, to have assurance of a certain number of complete "life times 11 from 
which to make estimates even where no prior knowledge--other than the dis-
tributional form--exists on the "life times" of the items tested. 
ALKALINE PHOSPHATASE OF THE DEVELOPING DOWN FEATHER: 
SUBSTRATES, ACTIVATORS, AND INHIBITORS1 
Gertrude Wilma Hinsch2 
Department of Zoology and Entomology 
Sodium glycerophosphate, disodium p-nitrophenyl phosphate, glucose-1-
phosphate, glucose-6-phosphate, hexose diphosphate, fructose-6-phosphate, 
muscle adenylic acid, and yeast adenylic acid were used as substrates to 
determine whether one or more alkaline phosphatases were present in the 
developing down feather. The pattern of activity was the same with all sub-
strates except yeast adenylic acid, although the intensity of the reaction varied 
with the various substrates. With yeast adenyli.c acid there was a reduction 
in enzymatic activity but with epidermal activity confined primarily to the 
nucleoli of the cells. Phosphatase was found in the nucleoli, chromatin gran-
ules, nuclear membrane, and cytoplasm of the cells in the mesodermal pulp. 
In the epidermis, phosphatase was present in the nucleoli of the cells of the 
barbs and in the nucleus and cytoplasm of the cylinder cells. 
To determine whether these differences in reactivity were due to different 
phosphatases, the activating or inhibiting effects of Mg++, Mn++, Be++, zn++, 
Fe+++, HAso4=, HAs03=, CN-, semicarbazide, iodoacetate, Versene, glycine, 
alanine, cysteine, histidine, methionine, praline, valine, serine, lysine, and 
arginine were studied in conjunction with several of the substrates, Mg++ 
was necessary for activity with muscle adenylic acid, hexose diphosphate, and 
fructose-6-phosphate. At high concentrations, Zn++ inhibited activity with all 
substrates except fructose-6-phosphate, a,nd in low concentration stimulated 
activity with yeast adenylic acid. Yeast adenylic acid showed strong nuclear 
activity at concentrations of arsenate which inhibited activity with all other 
substrates. Versene, iodoacetate, semicarbazide, Be++, and CN- in high 
concentrations inhibited phosphatase activity. Mn++, Fe+++, and HAso3= had 
no apparent effect on phosphatase. Cysteirie and histidine had a greater inhib-
itory effect on phosphatase than the other amino acids. At low concentrations, 
glycine promoted activity with muscle adenylic acid. Valine, praline, and 
methionine in low concentrations gave some indications of possible stimulation 
of activity with sodium glycerophosphate. 
The activity of phosphatase with yeast adenylic acid differed from that with 
lDoctoralthesis number 1918, submitted,May 31, 1957. Chairman of 
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muscle adenylic acid in its response to some of the inhibitors and activators. 
The activity with both of the adenylic acids differed from that obtained with 
sodium glycerophosphate. The fructose sugars were inhibited by lower con,-
centrations of the chemicals than inhibited activity with sodium glycerophos-
phate. Epidermal phosphatase showed a greater sensitivity to the inhibiting 
agents than the phosphatase in the pulp. Cytoplasmic phosphatase was more 
easily inhibited than that in the nucleoli. 
These data indicate that the nucleolus is the source of at least part of the 
phosphatase. They also suggest that the developing down feather contains 
more than one phosphatase capable of utilizing the various substrates at a pH 
of 9.0-9.4. 
DISTRIBUTION OF LOADS IN BEAM-AND-SLAB BRIDGES1 
Robert Marion Holcomb 2 
Department of Civil Engineering 
A new procedure for predicting the strains and deflections of the beams in 
simple-span beam-and-slab bridges of the usual proportions has been devel-
oped. It divides the calculations into two primary steps: 
1. Temporary reactions are assumed at the beams to prevent deflections 
of the beams, and the loads are distributed to these reactions by the 
slab acting as a continuous beam. 
2. The temporary reactions are removed and the consequent effects on 
the beams are computed. 
Since no deflections or moments are produced in the beams in step 1, the en-
tire effect on the beams is found in step 2. This effect on a beam is assumed 
to be that of a loading consisting of: 
1. A concentrated or narrowly distributed force, the temporary reaction 
reversed, and 
2. A widely distributed force produced by the resistance of the slab to 
deformation. 
Part 2 of the beam loading has been assumed to be sinusoidal, but any other 
form could be assumed. For the bridges test·ed the effects of part 2 are 
relatively small; so the precision of the predictions of maximum strains and 
deflections is not sensitive to changes in the form assumed. 
It is suggested that, pending further study, the use of the procedure be 
limited to bridges having a ratio of span to beam spacing of 2 or more, and 
also a ratio of beam to slab stiffness, Hof 2 or more. 
To obtain checks on the predictions by the proposed procedure, by the 
present (1956) AASHO specificatioris, and by the tentative revisions (T-15-50), 
four bridges were tested. Two ar:e full-size bridges in use on a highway; 
their spans are 41. 25 ft and 71. 25 ft, and their roadways are 30 ft wide. The 
other two were built in a laboratory. They include crown, curbs, and dia-
phragms; their spans are 10 ft and ?5 ft, and their roadways are 10 ft wide. 
Each of the four bridges has four beams equally spaced, has the interior 
beams larger than the exterior, and is of composite construction. Among the 
four bridges the span to spacing ratfo varied from 3.1 to 7. 8, and the beam 
stiffness to slab stiffness ratio varied from 3. 0 to 10. 7. The loads on the 
lDoctoral thesis number 1863, submitted December 11, 1956. 
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laboratory bridges were either single-axle or tandem-axle trucks; either one 
truck, alone, or two .side by side. The load on the highway bridges was a 
single semi-trailer truck having tandem rear axles. 
Strains and deflections were measured at a number of locations at each 
bridge for various positions of the loads. Of these test results, those of most 
interest to designers and those directly comparable to the predictions under 
the specifications are the maximum strains caused by a given loading when it 
may be placed in any position. Comparing the predicted maximum strains 
with those observed, the ranges in per cent of error for all the beams, both 
interior and exterior, are: 
Proposed procedure 
AASHO 
T-15 
tll to -10 
+87 to -8 
+106 to +5 
It is concluded that the proposed procedure provides improved predictions 
under a much wider range of conditions than does either specification method. 
To understand and use it requires no special training, and the time required 
for its use is only about one hour per analysis; so it should be practical for 
practicing engineers to use it. It lends itself readily to refinement through 
further research, and a number of subjects for further research are recom-
rnmded. 
It is further concluded that the present AASHO specifications provide what 
may be regarded as acceptable predictions of the effects of two trucks side by 
side, +30 to -8 per cent error, but may be grossly in error in predicting the 
effects of a.single truck, +87 to +5 per cent error. The tentative revisions 
are grossly in error in predicting the maximum effect of two trucks on an 
exterior beam, +106 to +51 per cent, as well as in predicting the effects of a 
single truck, +90 to +34 per cent error. 
SOME CORRELATIONS OF CARBAZOLE DERIVATIVES 
WITH RELATED HETEROCYCLES1 
Julian Bernard Honeycutt, Jr.2 
Department of Chemistry 
The purpose of this investigation was to prepare some aromatic and heter-
ocyclic derivatives of carbazole for testing as liquid solution scintillators and 
to synthesize certain boron-containing carbazoles, particularly azo dyes, for 
potential use in brain tumor therapy. Another objective was to determine 
whether or not certain reactions followed the same course with carbaxole, or 
substituted carbaxoles, as with related heterocycles. 
Refluxing a mixture of carbazole, p-bromobiphenyl, anhydrous potassium 
carbonate, copper bronze and petrole-;;_m ether (b.p. 190-210°) or 12 hours 
gave a 13 per cent yield of 9-_p-biphenylylcarbazole, m.p. 224-226°. Simi-
larly, .e.-bis-(9-carbazolyl)-benzene, melting at 320-322 •, was obtained in 
39 per cent yield from2-diiodobenzene. 2-Bromopyridine gave 13 per cent 
of 9-2'-pyridylcarbazole, m.p. 93-95°, under the same conditions except that 
iodine was added to the reaction mixture. By the same procedure using 
lDoctoral thesis number 1828, submitted July 13, 1956. 
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nitrobenzene as the solvent instead of petroleum ether, a 13 per cent yield of 
4,4'-bis-(9-carbazolyl)-biphenyl, m.p. 282;5-1.84°, was obtained ftom 4,4'-
dibromobiphenyl. Refluxing a misture of carbazole, potassium carbonate, 
copper bronze, iodine and 2-chloroquinoline gave 10 per cent of 9-2'-quinolyl-
carbazole melting at 93-94°. Attempts to prepare 9-(£-dimethylaminophenyl) -
carbazole from carbazole and _e-bromodimethylaniline in various solvents, or 
without a solvent, were unsuccessful. It was found that 2-halopyridines and 
2-chlorc:iquinoline would not condense with carbazole in an alkaline acetone 
solution as do alkyl iodines and acyl halides. 
In order to determine how reactive a diazonium salt must be in order to 
couple with 9-ethylcarbazole, several electro-negatively substituted benzene-
diazonium salts were reacted with 9-ethylcarbazole in acetic acid or ethanol. 
Diazotized 2, 4-dinitroaniline gave a small yield of 3-(2, 4-dinitrophenylazo)-
9-ethylcarbazole, m.p. 214-215° (dee.), and2-nitrobenzenediazonium chloride 
yielded a small amount of 3-(£-nitrophenylazo)-9-ethylcarbazole melting at 
183-184°. ~-Nitro, ~-bromo, J2_-bromo-, and 2-carboxyaniline gave diazonium 
salts which did not form dyes with 9-ethylcarbazole. The use of pyridine as a 
solvent or the utilization of Nekal Ba-75 as an emylsifying agent for the 9-
ethylcarbazole did not promote the formation of the desired dyes from o- and 
.e_-bromoaniline. Thus, it is concluded that for reaction with 9-ethylcarbazole 
a diazonium salt must be at least as reactive as _e-nitrobenzenediazonium 
chloride. 
9-Ethylcarbazole-3-diazonium chloride reacted with phenol in an alkaline 
solution to give a yellow compound, m.p. 130-132° (dee.), which did not ana-
lyze correctly for 3-(e_-hydr·oxyphenylazo)-9-ethylcarbazole or for a disazo 
compound. The infrared spectrum, however, indicated that an N=N linkage 
was present. With 13-naphthol, diazotized 3-amino-9-ethylcarbazole gave a 
maroon solid which was purified by chromatography on a Celite-silicic acid 
column to give a 19 per cent yield of 3-(2-hydroxy-l-naphthylazo)-9-ethyl-
carbazole, m.p. 179-181°. The diazonium chloride from 3-amino-9-ethyl-
carbazole apparently reacted with an alkaline solution of o-hydroxybenzene-
boronic acid anhydride as indicated by the progressive color change in the 
reaction mixture. The crude product of the various runs ranged in color from 
yellow-brown to black. No satisfactory recrystallization solvent, or solvent 
pair, could be found. Attempted chromatographic purification failed to give 
anything but tars or oil. The reaction between diazotized 9-~-aminophenyl)­
carbazole and o-hydroxybenzeneboronic acid anhydride likewise gave a product 
which could notbe purified. 
9-Ethyl-3-carbazolyllithium (1) added to tri-n-butyl borate at -65° and the 
mixture hydrolyzed gave a 4. 7 per cent yield Of 9-ethylcarbazole-3-boronic 
acid melting at 236-238°. Similar reactions designed to prepare 9-ethyl-
carbazole-1-boronic acid were fruitless. The only product isolated was 9-
ethylcarbazole. 
Reactions at room temperature between carbazole or 9-ethylcarbazole and 
boron trifluoride etherate yielded only starting materials. Gaseous boron 
trichloride slowly bubbled into a cool benzene solution of 9-ethylcarbazole 
gave a pale green solid Which melted partially at 88-91° and nearly completely 
at 165-169 °. A small particle had not melted at 300 °. Attempted recrystal-
lization from benzene left boric acid as the residue and returned no solid 
from the solution. 
3-Amino-9-ethylcarbazole in benzene treated with a slight excess of acetic 
anhydride gave a 73. 5 per cent yield of 3-acetamido-9-ethylcarbazole melting 
at 198-199° (2). The amine in benzene containing a little pyridine yielded 
54. 5 per cent of 3-benzamide-9-ethylcarbazole, m.p. 187-188 (2)when treated 
with benzoyl chloride. The acetamido derivative and slightly less than an 
equivalent amount of fuming nitric acid in glacial acetic acid gave a 27. 0 per 
cent yield of 3-acetamido-4-nitro-9-ethylcarbazole, m.p. 188-189.5". Ex-
cess fuming nitric acid produced a yellow compound melting at 268-270° which 
on analysis gave results between those calculated for dinitro- and trinitro-
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acetamido-9-ethylcarbazole. It is believed that the major product is 3-acet-
amido-4, 6-dinitro-9-ethylcarbazole. Nitration of 3-benzamido-9-ethylcarba-
zole yielded two products, an orange solid melting above 250 ° which could not 
be purified and an orange solid which after several recrystallizations gave a 
small amount of material melting at 201.5-202.5°. 
In an attempt to find reactions potentially useful in structure proof work, 
carbazole and 9-ethylcarbazole were refluxed in purified dioxane with metallic 
lithium. Termination of the reaction by either carbonation or hydrolysis gave 
only starting materials. Refluxing a mixture of 9-ethylcarbazole and concen-
trated hydriodic acid for 72 hours resulted in a 99. 4 per cent recovery of 
9-ethylcarbazole. 10-Ethylphenothiazine under the same conditions gave an 
85. 9 per cent yield of phenothiazine. 
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TREATMENT OF WESTERN PHOSPHATE ROCKS TO IMPROVE 
ACIDULATION CHARACTERISTICS1 
William Henry HonsteadZ 
Department of Chemical Engineering 
Four methods of treating western phosphate rocks to improve their acidu-
lation characteristics were investigated. The methods were {l) washing with 
water, (2) calcination, (3) grinding followed by air separation, and (4) froth 
flotation with a cationic collector. Two western rocks were used for these 
tests. These were both obtained from the Anaconda Copper Company's mine 
at Conda, Idaho. One was a foot-wall rock; the other was a hanging-wall rock. 
These were considered to be fairly representative of the phosphate rocks 
from southeastern Idaho. 
A high grade Florida land pebble containing 35. 5 per cent P 20 3 and a hand-
picked sample of rock from the Simplot mine at Fort Hall, Idaho containing 
35. 8 per cent P 20 3 were used for comparing the acidulation characteristics of 
the treated rocks. 
The ground rocks were acidulated with sulfuric acid at weight ratios of 
H 2S04 toP20 5 ofl.4, 1.5, 1.6, 1.7, 1.8, 1.9, and2.0. A 6-inch casserole 
was used for mixing. The samples were than poured into a pint fruit jar and 
stored for 30 days in a cabinet held at a constant temperature of 100 °F and a 
constant humidity of either 70 per cent or 25 per cent. 
Samples cured at the higher humidity had high moisture contents, low PzOs 
conversions, and very poor physical properties. Curing at 25 per cent humid-
ity resulted in products having high P 20 3 conversions and good physical prop-
erties. 
In the washing treatment a sample of ground phosphate rock was placed in 
a two-inch diameter vertical glass tube four feet long. Water was passed 
upward through the tube at various velocities and for various lengths of time. 
!Doctoral thesis number 1877, submitted December 17, 1956. 
Chairman of Committee, D.R. Boylan, Department of Chemical Engineering. 
2.B.S., Kansas State College, Manhattan. M.S., ibid. 
Graduate Assistant, Engineering Experiment stafioii. 
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The rock remaining ·in the tube was recover_ed and dried as an un\ierflow 
stream. The overflow was also recovered and dried. The P 20 3 content of the 
underflow was higher than that of the overflow, while the R 20 3 content of the 
underflow was less than one-third that of the overflow. Superphosphat!' made 
by acidulating the underflow fractions showed some increase in conversion 
over that of the untreated rock. The increase probably would not justify the 
cost of the treatment, which would involve an additional drying operation. 
In the calcination treatment temperatures ranging from 500 °F to 1800 °F 
were used. The color and physical appearance of the rocks changedmarkedly, 
particularly at the higher temperatures. Also, the carbonate content. of the 
rock was almost completely removed at the higher temperatures. Superphos-
phate made from the calcined rock, particularly rock calcined at temperatures 
above 700°F, had high moisture content, high free-acid content, and low con-
version. This was probably due to low temperatures during mixing and curing 
as a result of the absence of carbonates, and to poor physical structure be-
cause of low gas evolution during curing. 
Hammer-mill grinding and air separation using a Gruendler laboratory 
hammer mill and a Raymond air separator resulted in a coarse fraction, 
which contained the bulk of the material, and a fine fraction. The P 20 5 content 
of the coarse fraction was higher than that of the fine fraction while the R 20 3 
content of the coarse fraction was much lower than that of the coarse fraction. 
Superphosphate made from the coarse fractions had conversions materially 
higher than those from the original rock. The increase in conversion was 
greater for the hanging-wall rock than for the foot-wall rock. Ball mill grind-
ing was less effective than hammer "1ill grinding. The degree of beneficiation 
was such that this process appears feasible as a low cost method of improving 
the acidulation characteristics of the western rocks. 
Froth flotation using a cationic collector to remove siliceous impurities 
was highly successful on de slimed Anaconda hanging-wall rock, and moder-
ately successful on deslimed Anaconda foot-wall rock. The conversions of 
superphosphate made from hanging-wall rock treated by this process were 
considerably higher than those from the Florida land pebble rock used for 
comparison. Phosphorus pentoxide conversion of the foot-wall rock was 
improved to about the same degree by this process as by grinding and air 
separation. Savings in the acid required for acidulation of about 10 per cent 
for the hanging-wall rock and 5 per cent for the foot-wall rock were indicated. 
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A STUDY OF THE MINERAL REQUIREMENTS OF 
RUMEN MICROORGANISMS1 
Farris Everett Hubbert, Jr .z 
Department of A1'imal Husbandry 
197 
This work was initiated to study the influence of the ash of an acid hydroly-
zate of feather meal on in vitro cellulose digestion by rumen microorganisms, 
since this material had-pr;;;rously been shown to be a potent stimulator of 
cellulose digestion. It was hoped that if the ash of the hydrolyzate was active 
as a cellulose digestion stimulator, it would be possible to identify the active 
minerals. Another important phase of study was to determine the optimum 
concentrations for maximum in vitro cellulose digestion, as well as toxic 
levels of the various minerals -;;-s;a:-r;;: the fermentation medium. A subsequent 
study of interrelationships of metal ions showing most importance in the in 
vitro work was believed essential for success in the study of mineral require-: 
~s. Finally, any minerals or combinations of minerals showing promise 
in artificial rumen studies were to be extended to lamb feeding trials to evalu-
ate the in vitro results in terms of the intact ruminant animal. 
A te.;"°hnique employing washed suspensions of rumen microorganisms ob-
tained from fistulated steers was used in the~ vitro study of cellulose diges-
tiori.. 
It was found that the ash fraction of hydrolyzed feather meal was respons-
ible for a large portion of the stimulation of in vitro cellulose digestion attri-
buted to the hydrolyzate. Sodium chloride p;;;duced during the neutralization 
of the acid hydrolyzate with sodium hydroxide was believed to be the active 
mineral. 
The study of the requirement for various minerals for maximum in vitro 
cellulose digestion by rumen microorganisms indicated that. potassium"7 g;a:r.: 
um, sulfur, magnesium, and calcium should be included in the fermentation 
medium. The addition of manganese, iron, c;:opper, cobalt, zinc, or boron to 
the fermentation medium did not increase in vitro cellulose digestion. Ex-
tremely low levels of copper, cobalt, zinc, and boron were found to depress 
cellulose digestion. 
The study of the requirements for the alkali metal ions showed that potas-
sium was essential for in vitro cellulose digestion by rumen microorganisms 
while sodium was not. - ~terrelationship was found between sodium and 
potassium in which the addition of sodium to the fermentation medium de-
pressed cellulose digestion when potassium was present at a concentrati,on of 
50 micrograms per milliliter or less. However, when the potassium concen-
tration was 100 micrograms or more per milliliter of fermentation medium 
the addition of sodium increased in vitro cellulose digestion. A ratio of 1 :1 
between sodium and potassium with a concentration of approximately 1000 
micrograms of each mineral appeared to support maximum cellulose diges-
tion. Rubidium was found capable of replacing approximately 50 per cent of 
the potassium requirement. However, lithiwn and cesium were inactive as 
replacements for the potassium requirement. 
Fifty-four individually fed lambs were used in a factorial study of the in-
fluence of the addition of three levels of sodium chloride and three levels of 
potassium chloride to a low-ash basal ration. The basal ration was found to 
contain 0.01 per cent sodium, 0.39 per cent potassium, and Z.47 percent ash. 
lDoctoral thesis number 1926, submitted June 6, 1957. 
Chairman of Committee, Wise Burroughs, Department of Animal Husbandry. 
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The addition of 0. 96 per cent potassium chlo.ride or 1. 65 per cent sodium 
chloride was found to increase daily gains approximately O. 25 pound per lamb, 
and feed consumption approximately 0. 7 pound per day, The addition of l, 92 
per cent potassium chloride or 3. 33 per cent sodium chloride alone or in 
various combinations resulted in gains and feed consumption equal to br 
slightly lower than when the minerals were added at the lower levels. 
EVALUATION OF CARBOHYDRATES FOR BABY PIGS1 
Donald Barton Hudman2 
Department of Animal Husbandry 
Seven experiments involving 841 baby pigs have been conducted to deter-
mine the ability of the baby pig to utilize various carbohydrates in dry diets 
with two basic types of protein, casein and soybean oil meal. The implication 
of various .digestive carbohydrases has also been considered by including an 
as say of pnacreatic tis sue for amylase activity in baby pigs from one to 42 
days of age. 
The resJHs show that as the levels of low heat, spray dried, dried skim-
milk we.re il,.creased from 0 to 20 to 40 per cent of the ration, there was a 
significant linear increase in one to three week gains and a significant im-
provement in feed efficiency. Although all pigs were fed the same starter 
from three to five weeks of age, there was a significant residual effect of the 
one to three week ration treatments as was reflected by significantly improv-
ing one to five week gains and feed efficiency with increasing levels of dried 
skimmilk. 
In the same experiment there was no significant improvement in one to 
three week or one to five week gains or ,feed efficiency, by increasing the 
level of sugar from 15 to 25 to 35 per cent of the diet. This indicated that 15 
per cent sugar was sufficient for maximum palatability. 
Regardless of the sugar level fed, as the ration was changed from all dex-
trose to 1/2 dextrose-1/2 sucrose to all sucrose there was a significant linear 
improvement in one to three week gains, but this difference disappeared by 
five weeks of age. 
Th~re was no significant difference in 35 day weights of pigs weaned at 
different ages on to diets containing corn starch as the only carbohydrate. 
These pigs were weaned at three day intervals from three to 18 days of age. 
However, the pigs weaned to the starch diet at three days of age averaged 1. 6 
pounds lighter at 35 days of age than any of the other age groups. This work 
needs to be strengthened by further research. 
Both the protein fraction, as represented by casein, and the carbohydrate 
fraction, as represented by lactose, were shown to contribute to the superior 
performance of 40 per cent dried skimmilk diets for baby pigs from one to 
five weeks of age. When both the lactose and casein were combined in the 
proportions found in a 40 per cent dried skimmilk diet, then added to the diet 
of baby pigs, the one to five week performance was comparable to that of pigs 
consuming a 40 per cent dried skimmilk diet. 
In a comparison of 11 carbohydrate sources using a soybean oil meal diet 
for pigs from one to five weeks of age, lactose gave the best performance of 
'Doctoral thesis number 1818, submitted July 9, 1956. 
Chairman of Committee, Damon Catron, Department of Animal Husbandry. 
2B. S., Agricultural and Mechanical College of Texas, College Station. 
M. S., ibid. Graduate Assistant, Agricultural Experiment Station. 
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any of the carbohydrates compared. Lactose produced significantly better 
gains than corn starch, cooked corn starch, amidex, corn syrup solids with a 
D.E. of 24, ground oat groats, and corn flakes. 
In comparing the six different carbohydrates from the corn milling indus-
try, classified on the basis of dextrose equivalent, there was a significant 
decrease in one to five week pig gains going from corn starch to cooked corn 
starch to amidex (D.E. 10). Then, there was a significant increase in gains 
as the products increased in D.E. from 10 to 24 to 42. The corn syrup solids 
with a D.E. of 42 gave comparable gains to sucrose and dextrose. 
Ground yellow corn produced surprisingly good gains, while oat groats and 
corn flakes gave much poorer results. 
A comparison of eight different carbohydrates was made with a casein 
protein diet for baby pigs from one to five weeks of age. 
Sucrose produced statistically greater gains to five weeks of age than any 
of the carbohydrates tested. Lactose, dextrose, and dextrimaltose produced 
comparable gains and feed efficiencies and significantly greater gains than 
any of the other carbohydrates except corn starch. Ground yellow corn, 
ground oat groats, and amidex gailed to give satisfactory gains when used as 
a carbohydrate source. 
The analysis of pancreatic tissue of pigs at weekly intervals from one to 
42 days of age for amylase activity was determined by a disc-plate method. 
The amylase activity per gram of dry pancreatic tissue increased from a 
very low level at one day of age to 14 days of age, decreased somewhat at 21 
days of age and again increased rapidly to 28 days of age. After 28 days of 
age there was a levelling off in amylase activity. In considering amylase 
activity per pig there was an increase in amylase activity from one to 35 days 
of age. 
The results of these investigations indicated that lactose and sucrose were 
the carbohydrates of choice for baby pigs from one to five weeks of age. The 
carbohydrate of choice was affected by the type of protein used in the diets. 
OPTIMUM RESOURCE ALLOCATION FOR EROSION CONTROL 
FARMING ON IDA-MONONA SOILS1 
S. M. Aijaz Husain2 
Department of Economics and Sociology 
The primary objective of this study is to develop information that can serve 
as a guide for soil conservation farming systems on farms in the Ida-Monona 
soil area of we stern Iowa. 
The recommended soil conservation practices restrict the cropping pro-
grams to soil-building rotations, so that the more popular exploitive type of 
cropping enterprises must be sacrificed. The time required to realize the 
benefits from conservation practices is generally too long to attract the farm-
er to erosion control. Moreover, the resource and product use problems 
common to the farm with conservation practices keep farmers from using 
improved soil management systems. The farmer can deal with the short-
comings of soil conservation methods by including new practices in an inte-
grated type of farm planning. Thus, profit-maximizing plans conforming to 
1Doctoral thesis number 1895, submitted March 12, 1957. Chairman of 
Committee, l):arl 0. Heady, Department of Economics and Sociology .• 
"B.Sc., Agra University, India. M.S., Iowa State College, Ames .• 
Graduate Assistant, Agricultural Experiment Station. 
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the restricted resources and conservation needs of individual farmers offer a 
direct and effective approach to accelerate adoption of erosion control farming. 
This study attempts to provide background information which may be used by 
farm specialists in their efforts to make the soil conservation farming system 
a profitable undertaking in the Ida-Monona soil area. 
For the purpose of this study a "typical" farm of 280 acres was selected in 
the problematic area of western Iowa. The kind and quality of resources found 
on this farm were taken as a basis in determining the bench mark plans. Opti-
mum plans were computed for j,6, 000, /1>12, 000, /1>18, 000, /1>24, 000, and/1>30, 000 
capital levels. The investment opportunities comprised five crop rotations, 
eight cattle feeding systems, one beef cow enterprise and two hog systems. 
Each of the five rotations was considered with two levels of fertilization. The 
pricing method used incorporates average historical relationships between 
corn price and prices of other items purchased or sold by farmers. These 
price relationships were adjusted to the 1955 corn price. The technique of 
linear programming was used to determine the optimum resource allocation 
for the various farm situations. 
With j,6, 000 in operating funds, maximum profit results from utilization of 
the relatively fertile fields, with 66 per cent of the funds invested in two-litter 
hogs. Some of the less productive cropland is not planted at this capital level 
because limited capital gives higher returns in livestock. The entire cropland 
area is planted when capital is increased to the /1>12, 000 level. The farm plan 
at this capital level includes cropping enterprises which maximize returns 
from various land resources or soil types. Remaining funds are invested in a 
two-litter hog program. When hog production is restricted to a maximu.m of 
60 litters, some funds also are used for a deferred-fed calf enterprise. With 
the increase in funds beyond /1>12, 000, the calf enterprise expands up to .the 
limit of feed grain production. Thereafter, beef cows substitute the calves 
until forage production restricts their expansion. 
Although an increase in investment, from a very limited amount of capital 
to the unlimiting level, increases the net returns at a decreasing rate, the 
earnings on the added funds are sufficiently high to merit use of borrowed 
funds. Farmers with extremely limited capital resources would receive high 
returns on borrowed funds. 
The cropping program for farmers desiring to expand hog output conform-
ing to their capital and land resources includes CCOM2 on the more productive 
soils. Remaining cropland area is used in accordance with the profitability of 
simultaneous crop and two-litter hog production up to the j,12, 000 level. Be-
yond this capital level, feed grain production is gradually maximized. When 
feed grain production limits the expansion of two-litter hogs, the one-litter 
hogs and then the beef cows profitably employ the increased capital supply 
until forage production becomes restrictive. 
When buildings must be constructed for livestock production, all cropland 
is cultivated prior to investment in livestock enterprise. With the increase in 
capital resource, the cropping and livestock enterprises expand in the same 
manner as in the situation where building investment is not required. The 
necessity of investing in livestock buildings lowers farm income for the first 
two years when ,¢12, 000 and .$18, 000 capital levels are assumed and only for 
one year when /1>24, 000 of capital are available. At the former two levels, the 
sacrifice in income is considerably reduced in the second year of operation 
because of building investments of the first year. Thus, at these capital levels 
the lack of livestock buildings should not be a serious handicap to soil conser-
vation farming methods. 
The farmer on a 280-acre farm with "typical" labor supplies requires 203 
man-hours of additional labor to achieve maximum returns from an invest-
ment of /1>12, 000. Although labor requirements increase as more capital is 
invested in the farm plan, the family labor supply can be economically supple-
mented by hiring "extra" labor. Therefore, farmers should fully explore the 
possibilities of hiring additional labor when family labor limits the expansion 
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of farming activities. As in the situation with unlimiting labor, the "optimum" 
enterprises are not affected by the presence or absence of livestock buildings. 
The farm income at each capital level is temporarily reduced because of the 
required building investments. 
If hog prices decline by 20 per cent (prices of other re sources and products 
remaining unchanged), the long-term plan with limited labor supply will yield 
a 35. 3 per cent net return on an investment of ,$12, 000. The optimum alloca-
tion of this investment with the reduced hog prices improves the net return by 
only 3. 2 per cent. At the ,$18, 000 capital level, the gain in net income with a 
short-term optimum plan conforming to the new price relationships is only 
0. 8 per cent. These results indicate the over-all stability of the long-term, 
profit-maximizing plans up to a fall of 20 per cent in hog prices. 
All these plans may be used according to the appropriate farm situation to 
allow farmers to use soil conservation practices and at the same time realize 
a maxi.mum profit from a farm enterprise adapted to these practices, 
FACTORS ASSOCIATED WITH FATAL ACCIDENTS 
OF RURAL RESIDENTS OF IOWA, 1947 TO 1953 
Carlton Egbert Johnson2 
Department of Vocational Education 
The study was undertaken to determ·ine factors associated with fatal acci-
dents of rural residents of Iowa during 1947 to 1953, inclusive, using death 
certificates as a source of information. Rural residents, as the term is used 
in this study, included all inhabitants of unincorporated places. The term also 
included all farmers, retired farmers, farm laborers, or family members of 
these persons living in incorporated places. 
More specifically the purpose of the study included the following: 
1. To determine relationships of age, sex, marital status, and 
occupation to fatal accidents. 
2. To analyze location as a factor in fatal accidents. 
3. To summarize data concerning the time that accidents occurred 
in terms of month, day of week, special holiday, and the hour. 
4. To summarize data concerning the vehicle, object, or element 
involved in fatal accidents. 
5. To determine if different types of farming areas showed variations 
in numbers of tractor fatalities. 
6. To summarize the data concerning nature of the accidents, 
7. To summarize the data concerning the nature of the injuries. 
8. To suggest implications for safety education based on the findings 
of the study. 
There were 3599 accidental deaths to rural residents of Iowa, as defined 
in this study, during the seven-year period, 1947 to 1953, It was found that 
persons in the age group from birth through 4 years of age had the largest 
number of accidental deaths of any group, but the rate of death per 100,000 
for persons in this age group was only 46,4. The lowest rate of death for all 
age groups, 20. 5, was reported for the age group 5 to 9. The rates 57. 6 for 
the age group 15 to 19, and 57.4 for the age group 20 to 24 were the highest 
•Doctoral thesis number 1840, submitted August 15, 1956. Chairman of 
Committee, John B. McClelland, Department of Vocational Education. 
2B.S., Berea College, Berea, Kentucky. M.S., Iowa State College, Ames. 
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among the age groups from 1 to 60 years of age. The rate of accidental death 
increased rapidly for persons in the age groups over 65. 
When the victims of fatal accidents were classified according to occupation 
it was found that 1214, or 33. 7 per cent, of the 3599 fatal accidenta had oc-
curred to farmers, which is twice as many as for any other occupational group 
included in the study. Retired farmers were next highest in the occupational 
classification with 550 cases, or 15. 3 per cent. 
Of the 3599 fatal accidents investigated, 39. 2 per cent occurred on the 
street or highway, 27. 5 per cent occurred in the home area, and 21. 7 per cent 
occurred on the farm. The home area included the area within the house and 
the yard around the house. 
Of all fatal accidents to rural residents of Iowa, 79. 3 per cent occurred to 
males. More than two thirds of the fatalities of male workers occurred when 
they more not at work. When all males, ages 15 to 64 inclusive, who were 
classified as farmers, farm laborers, and pupils were grouped together, sin-
gle males were found to have had almost 3 times as many fatal accidents on the 
street or highway as on the farm. Married males, ages 15 to 64 inclusive, had 
about the same number of fatalities on the farm as on the street 0r highway. 
Single and married males, ages 15 to 64, each had about the same total number 
of fatalities. However, single males had a fatality rate per 100, 000 nearly 
twice as high as the rate for married male workers. 
More farm accidents were reported during the late spring, summer, and 
early fall months than during the late fall and winter months. Street and high-
way accidents were most numerous during the summer and fall months. More 
accidents in the home area occurred during the winter months than occurred 
during the other months. 
More of the fatal accidents of rural residents occurred on Friday and Sat-
urday than on other days of the week. Morning accident figures were highest 
on Saturday and Sunday. An average of 1. 51 fatal accidents occurred an 
special holidays as compared to 1. 42 accidents per day for all other days. 
Persons in the age groups from birth to. 14 years of age had nearly one half 
of all of their afternoon fatalities during the hours from 4 to 6 p.m. For the 
age groups 15 to 64, afternoon-work-hour'accidents occurred in the greatest 
numbers between 3 and 4 p.;,,., but there were nearly as many from 4 to 5 
and from 5 to 6 p.m. Of the morning-work-hour accidents which involved 
persons 15 to 64 years of age, 51 per cent occurred during the two hours 
before noon. ' 
When fatal accidents of rural residents were classified according to the 
vehicle, object, or element involved, motor vehicles were found to account 
for 35. 9 per cent of all fatal accidents; buildings ranked second with 18. 3 per 
cent, and tractors third with 8.4 per cent. Of the 302 tractor fatalities, 36.4 
per cent occurred on the street or highway and 61. 5 per cent on the farm. In 
May and October there were more than five times as many tractor fatalities 
on the farm as on the street or highway. It should be noted that tractors were 
doubtless operated many more hours during these months than during some 
other months of the year. The rate of fatal tractor accidents per hour of use 
was not determined. The lowest fatal accident rate with tractors on a basis 
of the number of tractors per county was reported in counties having land with 
the least slope. 
Reports concerning the nature of the accidents showed that 60. 9 per cent of 
the tractor accidents involved overturning; 52. 6 per cent of the automobile 
fatalities resulted from collision; and 90. 6 per cent of the accidents in build-
ings were due to falls. Very little information was provided in death certifi-
cates concerning factors which contributed to fatal accidents. 
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BINDING ENERGIES OF THE LIGHT HYPERFRAGMENTS1 
James Thomas Jones, Jr.' 
Department of Physics 
During the last decade, many so-called fundamental particles have been 
discovered (1). A neutral particle of particular interest in the present work 
is the /\ 0 , which has a rest mass of about 2181 electron masses and a mean 
lifetime of about 4 x 10-10 sec. Since the delayed disintegration of a heavy 
nuclear fragment was first reported by Danysz and Pniewski (2), many events 
have been observed which establish the fact that a /\0 together with a number 
of nucleons can form systems which are stable for times of the order of life-
time of the free/\ 0 • Such bound systems are called hyperfragments. There 
is tentative evidence (3, 4) that "strange" particlea other than the /\ 0 may also 
form bound systems with nucleons; however, such systems are not considered 
here. 
The purpose of the present work is to determine the parameters of a phe-
nomenological potential of the /\0 -nucleon interaction (assumed to arise pre-
dominantly from the virtual exchange of heavy mesons) by fitting them to the 
observed binding energies of the light hyperfragments. To this end, varia-
tional calculations are carried out for the hyperfragments with mass numbers 
less than or equal to five. 
The calculations indicate that the /\0 -nucleon interaction is strongly spin-
dependent; that the ground state of the hypertriton (/\0 + H2) is a spin quartet; 
and that the total spin of hyperhydrogen-4 (/\0 + H 3), as well as hyperhelium-4 
is 1. However, if the inaccuracies of the calculations are such that the total 
energies of these hyperfragments are in error by five per cent or more, one 
cannot exclude an alternative possibility that the ground state of the hypertri-
ton is a spin doublet (in an i-spin singlet state) and that the spin of the four-
particle hyperfragments is 0. In either case, it is likely that neither hyper-
helium-3 (/\0 + 2p) nor .the hypertrineutron (/\" + Zn) would be bound. 
In reaching these conclusions the chief assumptions which have been made 
are: (a) the hyperdeuteron (/\0 + p) is not bound; (b) the spin of the /\ 0 isl/2; 
{c) the /\ 0 -nucleon interaction arising from the virtual exchange of heavy 
mesons may be represented by the assumed phenomenological potential (any 
possible pion admixture resulting from the virtual exchange of at least two 
pions between the I\• and nucleon being neglected; {d) all but the principal 
S-states of the hyperfragments with mass numbers less than or equal to five 
may be neglected, the nucleon-nucleon _interaction being represented by the 
central Yukawa interaction. The last two assumptions are rather severe. 
There is, a priori, no justification for assumption {c), and certainly none for 
the last assumption. However, the results obtained here, together with those 
on light nuclei, indicate that before one introduces a phenomenological poten-
tial for the pion admixture, with the intention of obtaining an approximate value 
of its strength, the tensor interaction between nucleons must at least not be 
neglected. 
The /\ 0 -nucleon interaction is assumed to be represented by the potential, 3 
!Doctoral thesis number 1838, submitted August 11, 1956. 
Chairman of Committee, Joseph M. Keller, Department of Physics. 
2B.s., Southern Methodist University, Dallas, Texas. M.S., Iowa State 
College, Ames. Research Assistant, Ames Laboratory of the Atomic 
Energy Commission. 
'Because of the trial wave functions used in the variational cakulations for the 
hyperfragments with mass numbers less than or equal to five are assumed to 
be symmetric with respect to the interchange of the positions of any pair of 
particles, a space exchange operator is not explicitly displayed in -V12 • 
204 ABSTRACTS OF DOCTORAL THESES, 1956-57 
where r 12 is the distance between the I\• and the nucleon, <r is the Pauli spin 
vector, and a 0 is a numerical parameter. The space part of the interaction 
potential is assumed to have a Yukawa radial dependence, 1 
(K0 > 0) 
where K0 is the strength and llo is the inverse of the range of the /\"-nucleon 
interaction. Since the interaction is assumed to arise from the virtual ex-
change of heavy mesons, llo should approximately be equal to the inverse of 
the heavy meson Compton wave length. 
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AN INVESTIGATION OF THE MALE GENITALIA AS 
TAXONOMIC CHARACTERS IN THE MIRIDAE (HEMIPTERA)1 
Leonard Alexander Kelton2 
Department of Zoology and Entomology 
A study was made of nearly 300 species from approximately 120 genera 
representing l 7 tribes of the six subfamilies of the Miridae. The first impor-
tant asp~ct of the problem was: (1) to establish the structural pattern of the 
male genitalia within the genera of the subfamilies; (2) to observe the .stability 
or variability in the basic pattern of these structures; (3) to determine whether 
these structures could be used as indicators of phylogenetic relationship be-
tween genera and higher categories; and (4) to determine whether these struc-
tures could be used in the over-all classification of the Miridae. 
The second aspect of the problem was to determine whether the male geni-
talia or the tarsal arolia were more resistant to change when the external 
appearance of the species assumed extreme modifications from the general-
ized forms of the group. To the present time tarsal claw characteristics have 
been considered to be the best characters for dividing the family into sub-
families and tribes. 
The two structures of the male genitalia considered in this study were the 
vesica and the claspers. Considerable more emphasis was given to the vesica 
since it appeared to possess a stable structural pattern of extreme taxonomic 
1Doctoralthesisnumberl932, submittedJune7, 1957. Chairmanof 
Committee, H.H. Knight, Department of Zoology and Entomology. 
Z:S.S.A., University of Saskatchewan, Saskatoon, Canada. M.S., Iowa State 
College, Ames. Graduate Assistant, Division of Science. 
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and phylogenetic value that could be employed in establishing generic and 
tribal relationships of the family. 
The regions of the vesica found to be of considerable value were the design 
of the rim of the gonopore, the ductus seminis, and the proce s sus ve sicae. 
The phallotheca appeared to be of some value in the identification of certain 
groups in the family. 
The study indicated that the arolia and the claws must be used with consid-
erable caution when separating subfamilies. The genital structures of the 
species examined appear to indicate the relationships to their allies, even 
though the external morphology of the species may show no such relationship. 
In several instan.ces the vesica and the claspers suggested that the present 
taxonomic placement cf a number of genera based on their arolia are not in 
accord with the evidence offered by the genital structures studied. 
CHARACTERISTICS OF THE SOLID STATE 
TRANSFORMATIONS IN URANIUM1 
Harold Holmes Klepfer2 
Department of Chemistry 
The thermal expansion of uranium and the nature of allotropic transforma-
tion processes in uranium are of obvious interest in predicting or understand-
ing the effects of thermal cycling on components fabricated of uranium such 
as nuclear fuel elements. Quite apart from this possible immediate practical 
interest is the theoreticalintere st in the transformation processes themselves. 
The purpose of the investigation reported was to determine the temperature 
dependence of the lattice parameters of uranium from room temperature to 
the melting point and to provide experimental data on the general character-
istics and kinetics of the allotropic transformations in uranium. Toward this 
end high-temperature x-ray diffraction, electrical resistance, and sonic ex-
perimental techniques were employed. The data :presented are interpreted in 
terms of the known physical, mechanical, and structural properties of the 
metal and are intended as a contribution toward the complete experimental 
and theoretical description of the allotropic transformation processes in pure 
uranium. 
Resistance effects observed accompanying the alpha-beta transformation 
in high purity uranium indicate a certain degree of reversibility in the orien-
tation of a given grain on thermal cycling through both transformations. The 
effect on the alpha-phase thermal twinning temperature, on the resistance of 
newly-formed alpha, and on the transformation temperatures resulting from 
rapid thermal cycling of uranium through both allotropic transformations is 
interpreted to indicate progressive lattice hardening. 
It has been shown that the allotropic transformations in uranium proceed 
isothermally, but that the extent of isothermal transformation is a function of 
temperature over a definite temperature range. The isothermal transforma-
tion initially involves bursts of transformation activity and proceeds in its 
later stages very slowly to an apparent end of transformation. 
The lattice parameters of high purity uranium from roam temperature to 
the melting point have been experimentally determined. The crystall9graphic 
!Doctoral thesis number 1906, submitted May 1, 1957. 
Chairman of Committee, Premo Chiotti, Department of Chemistry. 
2B .A., Carleton College, Northfield, Minnesota. 
Research Assistant, Institute for Atomic Research. 
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features of the alpha-beta transformation have been discussed in terms of the 
lattice parameters of the two phases and the volume change at the transforma-
tion temperature. The habit plane calculated is close to the (2.Zl) beta plane. 
This habit plane has not been experimentally observed. 
From the evidence presented it is concluded that the allotropic transforma-
tions in uranium proceed by the nucleation and slow growth of coherent nuclei. 
The features of the transformations are closely similar to those of typical 
martensitic reactions, except for the kinetic features. Arguments have been 
proposed to explain these nontypical kinetic features. 
SEPARATION OF NIOBIUM AND TANTALUM BY LIQUID EXTRACTION1 
Ernest Lee Koerner, Jr.2 
Department of Chemical Engineering 
Niobium, also known as columbium, is one of the new industrial metals 
likely to play an important role in industrial processing in the near future. 
Its high melting point (4376°F) and low cross section for neutron absorption 
(1.1 barns) makes it of special interest to the Atomic Energy Commission. 
Since tantalum, which invariably accompanies niobium in its ores, has a 
somewhat higher cross section for neutron absorption (2.1 barns) there is con-
siderable interest in developing an industrial process far producing tantalum-
free niobium. Tantalum itself is a valuable metal because of its high melting 
point (5160°F) and its resistance to most corrosive chemicals. 
The purpose of this research was to find an economical method of produc-
ing a niobium oxide product containing as little tantalum and other impurities 
as possible starting with a typical niobium-rich ore or concentrate. The 
process selected as a result of the research consisted of the following pro-
cessing steps: (1) Digestion of the ore or concentrate with hydrofluoric acid. 
(2.) Extraction of niobium and tantalum from the digested mass with an organic 
solvent such as methyl isobutyl ketone. (3) Separation of tantalum and niobi -
um by continuous countercurrent multistage extraction using an organic sol-
vent and an aqueous scrubbing solvent. (4) separation of niobium from other 
impurities by a second solvent extraction step using an organic solvent. (5) 
Stripping of the niobium and tantalum from their solvents and regeneration of 
solvents. 
The process as outlines above was studied on a small scale and demon-
strated on a somewhat larger scale so that a more accurate cost estimate 
could be made. Several pounds of niobium oxide containing less than 700 ppm 
of tantalum oxide were produced. Several pounds of tantalum oxide containing 
less than 100 ppm of niobium oxide were produced. Both purity values were 
the limit of detection for the spectrographic methods employed. 
Preliminary cost estimates were made for production of purified niobium. 
and tantalum oxides from an ore concentrate assaying 63 per cent niobium 
oxide and 7 per cent tantalum oxide. The basis chosen was a plant producing 
300, 000 pounds of total oxides per year or 2.70, 000 pounds niobium oxide and 
30, 000 pounds tantalum oxide. Estimated chemical and total operating costs 
for one pound of either tantalum or niobium oxide were ,1. 89 and ,2.. 80. 
I Doctoral thesis number 1855, submitted December 5, 1956. 
Chairman of Committee, Morton Smutz, Department of Chemical Engineering. 
2B.Ch.E., University of Dayton, Dayton, Ohio. M.S., Iowa State College, 
Ames. Research Assistant, Institute for Atomic Energy. 
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PURIFICATION AND PROPERTIES OF SPLENIC DESOXYRIBONUCLEASE1 
James Frederick KoernerZ 
Department of Chemistry 
A procedure was developed for the extensive purification of splenic desoxy-
ribonuclease (DNase). The enzyme is initially adsorbed onto the insoluble 
components in a homogenate of the spleen of cattle in dilute pH 4. 5 acetate 
buffer. Inactive, highly soluble proteins are removed from this homogenate 
by washing with dilute buffers. The DNase is then eluted from less soluble 
material with an improvement of specific activity of about fifty-fold. This 
eluate is then subjected to a heat fractionation and ethanol fractionation which 
increase the specific activity of the solution another forty-fold. A contamin-
ating acid phosphatase is then completely separated from the DNase by means 
of a gradient elution chromatography on a Celite column. This chromatogram 
also separates the diesterase activity detected with bis(p-nitrophenyl)phos-
phate into two fractions, one still accompanying the DNase. 
The DNase requires a solution of ionic strength of approximately 0. 2 from 
monovalent anions and cations for optimum activity. Divalent magnesium 
also activates to a lesser extent. The optimum pH is 4.5. 
The DNase preparation is very stable when stored in solution in the cold 
room. DNase solutions under acidic conditions are resistant to heating to 
60°C. Alkaline solutions are less stable. Solutions with a pH greater than 
8.5 are unstable at room temperature. 
The rate of release of monoesterified phosphate from highly polymerized 
thymic desocyribonucleis acid (DNA} by the action of the DNase was measured 
by the method of Sinsheimer. This method utilizes the hydrolysis of the 
monoesterified phosphate to inorganic phosphate by means of prostatic phos-
phatase followed by a determination of the inorganic phosphate. The DNase 
degradation was found to proceed in three stages of greatly differing rates. 
An initial rapid primary degradation continues until one-tenth of the total 
phosphate has become monoesterified. A secondary degradation of approxi-
mately one-thirtieth the rate of the primary continues until two-tenths of the 
total phosphate has become monoesterified. After this, astillslower,tertiary 
degradation continues to depolymerize the polynucleotides. Attempts to frac-
tionate the preparation into two activities, one causing the primary degrada-
tion and the other causing the secondary degradation, were unsuccessful. For 
this reason, both activities must be tentatively considered to be due to one 
DNase. 
Rattlesnake venom phosphodiesterase has been purified by a new acetone 
fractionation pro~edure which yields a preparation of high potency and free of 
5-nucleotidase. The polynucleotide s from a primary splenic DNase digest 
were degraded with prostatic phosphatase followed by degradation with this 
diesterase. This digest yielded 10 per cent nucleosides and 90 per cent mono-
nucleotides. Degradation of the DNase polynucleotides with the diesterase 
alone proceeded very slowly but eventually yielded a digest containing 10 per 
cent nucleosides, 80 per cent mononucleotides, somewhat less than 10 per 
cent of substances tentatively identified as nucleoside diphosphates, and a few 
per cent of unidentified polynucleotides. These results indicate that the poly-
nucleotides of a splenic DNase digest have the monoesteri£ied phosphate in 
the 3' position on the desoxyribose. This is in contrast to the 5' monoesteri-
fied phosphate of pancreatic DNase polynucleotides. 
The fact that the diesterase digest nucleoside and nucleoside diphosphate 
1Doctoral thesis number 1825, submitted July 12, 1956. 
Chairman of Committee, Robert L. Sinsheimer, Department of Chemistry. 
2B. S., Iowa State College, Ames. Research Assistant, Physics. 
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fractions both contain all four of the major bases in thymic DNA indicates that 
the splenic DNase shows no specific preference for the bases on the nucleotide 
residues adjacent to either side of the 5' phosphodiester bonds hydrolyzed. 
No explanation has been devised for the great decrease of rate of degradation 
after one-tenth of the total 5' phosphodiester bonds are hydrolyzed. 
The products of the secondary and tertiary degradation cannot be studied 
by the same method used for the primary degradation, since some of the 
polynucleotides formed at these stages are resistant to the venom diesterase. 
The evidence available suggests that they also are 3' polynucleotides plus 
some nucleoside 3'-phosphates. 
THE EFFECT OF SUBSTITUENTS ON THE 
INFRARED SPECTRA OF AROMATIC COMPOUNDS1 
Robert David Kross 2 
Department of Chemistry 
The mechanical and electronic effects of substituent groups on aromatic 
systems are manifest in the infrared spectra of the aromatic compounds. 
Inductive, resonance, and steric interactions constitute the three main areas 
of intramolecular influence. By stuiJ.ying specific infrared spectral regions ·of 
certain parent compounds, the varfous effects can be examined and qualita-
tively and quantitatively determined. The particular areas investigated were: 
a) the nitro valence vibrations of variously substituted nitrobenzenes; b) the 
aromatic C-H out-of-plane and in-plane bending vibrations; c) the C; N band 
intensity in substituted benzonitriles; dr the characteristic vibrations of picric 
acid when complexes with other aro.matic compounds; e) the infrared dichro-
ism of molecular complexes; and f) the dichroism of the 5-6µ region in the 
spectra of substituted benzenes. Summaries of the separate sections which 
comprise the dissertation are as follows: 
The effect of substituents on the nitro valence vibrations in substituted 
nitrobenzenes. The characteristic nitro asymmetric and symmetric fre-
quencies of substituted nitrobenzenes are correlated with structure related 
parameters which are sensitive to the electronic effect of the substituent on 
the nitrobenzene nucleus. It is shown that molecular dipole moments, as 
well as Hammett sigma constants. for the para groups, yield straight line 
curves when plotted against the co.;rresponding asymmetric frequency of para-
substitutednitrobenzenes. A plot of nitro asymmetric vs symmetric frequency 
in the latter compounds yields a discontinuous curve, the reasons for which 
are discussed. In meta-substituted nitrobenzenes the asymmetric nitro fre-
quencies also correlate well with the appropriate Hammett sigma constants. 
In these compounds, the difference' between the asymrne tric frequencies ob-
tained from samples in the solution and solid phase yield a straight line curve 
when plotted against the corresponding melting points of the compounds. This 
is related to the intermolecular forces stabilizing the crystal of the nitro 
compound. The symmetric nitr6 stretching vibration, in ortho-substituted 
nitrobenzenes, is apparently more sensitive to the· mechanical perturbations 
and local field effects of the adjacent group than is the asymmetric vibration. 
Evidence is presented which places the C-No2 stretching vibration in the 
1300 cm-1 region. For the three types of substitution, the average nitro 
•Doctoral thesis number 1853, submitted November 30, 1956. 
Chairman of Committee, V .A. Fassel, Department of Chemistry. 
ZB. S., Brooklyn College of the City of New York, Brooklyn, New York. 
Research Assistant, Institute for Atomic Research. 
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frequencies and their average deviations are in accord with expectations based 
on the various perturbations imposed by the substituents. 
The effect of substituents on the C-H out-of-plane bending vibrations in 
substituted benzenes. In certain mono substituted and para-disubstituted ben-
zenes the frequency of one of the C-H out-of-plane bending vibrations falls 
above the characteristic frequency range assigned to the vibration. A property 
common to all of the substituents which cause this positive shift in frequency 
is that they are electrophilic in nature, i.e., they tend to deplete the aromatic 
nucleus of n-electronic charge. These experimental observations are con-
sistent with the theory of orbital following during molecular vibrations. The 
depletion of n-electron density of the aromatic nucleus by electrophilic sub-
stituents leads to a decreased ability of the carbon bonding orbitals to :li:illow 
the out-of-plane movement of the hydrogen atoms. This results in higher 
bending frequencies because the vibrations occur with greater difficulty as 
orbital overlap decreases. Applications of this theory to other spectral 
anomalies are also discussed. 
The effect of substituents on the 1045-1185 cm-1 vibration in monosubsti-
tuted benzenes, In mono substituted benzenes of the type {phenyl)nM, where n 
is the valence of the substituent element M, the frequency of the 1045-1185 
cm-I vibration is directly related to the partial ionic character of the Car-M 
bond. Using the square of the electronegativity of the substituent as a meas-
ure of the bond polarity, a plot is presented which relates this parameter to 
the corresponding.frequency. From the four straight-line curves obtained for 
group !VB, VB, VIB, and VIIB elements, an expression is derived equating 
electronegativity with the observed frequency. Electronegativity values cal-
culated from this equation compare favorably with accepted values. 
The effect of substituents on the C = N band intensity in substituted benzo-
nitriles. Using the absolute nitrile band intensities found in the literature, 
and assuming such factors as band shape and effective slit width to be con-
stant, the absolute intensities were related to peak intensities through an 
arbitrary constant. The arbitrary constant was then applied to the peak in-
tensities of three other nitriles to determine their absolute intensities. The 
smooth curve then obtained by plotting the absolute intensities against the 
Hammett sigma constants of the second substituent on the aromatic ring indi-
cates that the intensity is a function of the electronic perturbation of that group. 
Regularities in the infrared spectra of picric acid molecular complexes. 
The infrared spectra of forty picric acid molecular complexes show that the 
nitro asymmetric stretching and the out-of-plane C-H bending vibrations of 
the pic;ric acid component are sensitive to complex formation. The frequen-
cies of these vibrations can be correlated with the type of complex formed, 
i.e., n-n or n-n charge transfer. Many of the complexes were found to 
contain an additiOnal asymmetric nitro stretching vibration. The appearance 
of this additional band and independent crystallographic evidence suggest that 
these particular complexes contain an additional localized intermolecular 
interaction. 
Infrared dichroism studies of some molecular complexes. The results of 
a study on the polarized infrared spectra of the hexamethylbenzene-picryl 
chloride, anthracene-symtrinitrobenzene, and p, p' -dinitrodiphenyl-p-hydrox-
ydiphenyl molecular compounds show agreement with published X-ray crystal 
structures. On the basis of the observtld dichroism, molecular orientations 
are suggested for the complexes of picl'ic acid with ~-methylnaphthalene and 
piperidine. 
The infrared dichroism of the 5-6 region in the spectra of substituted 
benzenes with relation to the type of substitution. The dichroism of ~he 5-6 ·,.. 
region in the spectra of six substituted b~nzenes lends support to the assign-
ment of the bands in this region to summation bands and overtones of C-H 
out-of-plane bending fundamentals. Additional confirmation resides in the 
possibility of adding the characteristic summation patterns of certain basic 
groups to obtain patterns characteristic of other types of substitution. 
210 ABSTRACTS OF DOCTORAL THESES, 1956-57 
SOME ECOLOGICAL RELATIONSHIPS OF THE GIZZARD SHAD, 
DOROSOMA CEPEDIANUM {LE SUEUR), 
IN A DREDGED PRAIRIE LAKE1 
Joseph Henry Kutkuhn2 
Department of Zoology and Entomology 
The gizzard shad, Dorosoma cepedianum {LeSueur), has attained wide-
spread recognition as a nuisance fish in recent years. Irruptions of the giz-
zard shad in North Twin Lake, Iowa in 1954 and 1955 provided a good oppor-
tunity to investigate some of the basic ecological relationships of this species 
and at the same time supplement what little is known of its over-all biology. 
North Twin Lake is a shallow, highly productive {eutrophic), prairie lake con-
taining good populations of desirable game and pan fish such as yellow bass, 
walleyes, and black bullheads. 
Relationships between plankton abundance and plankton consumption by shad 
were determined by sampling both plankton and fish concomitantly at various 
times during the period June-October, 1955. All young-of-the-year and year-
ling shad {as well as young game and pan fishes) were sampled by seining. All 
larger specimens {including game fishes for shad utilization studies) were 
taken by gill-netting. Plankton samples were analyzed numerically and volu-
metrically employing the centrifuge method of concentration and the Sedgwick-
Rafter cell method of enumeration. Fish digestive tract contents were also 
analyzed from numerical and volumetric standpoint. 
A separate treatment of plankton samples obtained during 1955 together 
with several others secured during 1951-54 and 1956 revealed the presence of 
at least 230 phytoplankton and 119 zooplankton species and varieties in North 
Twin Lake. The green algae were best represented species-wise among the 
phytoplankton and rotifers among the zooplankton. Quantitative analyses of the 
1955 plankton samples disclosed that, on the average, diatoms comprised the 
largest segment of the plankton with blue-green algae a close second. The 
1955 phytoplankton-zooplankton ratio was found to be about 5.4:1. 
A calculated index {the compound quotient devised by G. Nygaard) to the 
trophic status of North Twin Lake based upon the numbers of species com-
prising certain phytoplankton taxa was within the limits expected considering 
the highly eutrophic nature of this body of water. 
Analyses of the digestive tract contents of 60 gizzard shad revealed that 76 
per cei:tt of the phytoplankton and 60 per cent of the zooplankton species and 
varieties known to exist in North Twin Lake were consumed in varying amounts 
during the period June-October, 19§5. Zooplankton, especially crustaceans, 
were principal shad foods in spring and early summer. Phytoplankton were 
primary foods during the mid-summer and fall months. Planktonic Crustacea, 
especially Daphnia longispina and !?· pulex, seemed to be essential as shad 
foods during early developmental stages following hatching. 
A fair degree of relationship existed between the amounts of green algae 
and diatoms consumed by young-of-the-year shad and the proportions of the 
same forms in the environment. A, definite selectiveness on the part of the 
yearling shad was noted for green al,gae. A good correlation appeared to exist 
between the amounts of rotifers iti the environment and the proportion that 
these forms comprised in shad digestive tract contents. Crustaceans were 
definitely a select food item of young-of-the-year shad while older individuals 
seemed to utilize them somewhat in proportion to their relative abundance. 
lDoctoralthesis number 1836, submitted August 10, 1956. Chairman of 
Committee, Kenneth D. Carlander, Department of Zoology and Entomology. 
28.S., Colorado State College of Education, Greeley. M.S., Iowa State 
College, Ames. Graduate Assistant, Industrial Science Research Institute. 
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Blue-green algae were not consumed in proportion to their relative abun-
dance by North Twin Lake shad in 1955. Microcystis aeruginosa, important 
from the standpoint that it often develops to obj'ectionable proportions, ap-
peared to be selected as a food item since it was frequently present in signifi-
cant amounts in shad digestive tracts but not in the plankton. In contrast, 
Aphanocapsa delicatissima, the most abundant North Twin Lake plankter dur-
ing the mid-summer, only comprised relatively small portions of shad diges-
tive tract contents. Although there appeared to be a good correlation between 
increases in shad abundance and diminution of undesirable blue-greens (espe-
cially Microcystis aeruginosa and Anabaena spiroides), the role of the shad as 
a possible control of these organisms was questioned because of evidence that 
these and other blue-greens maynot be readily digested byplankton-consuming 
fishes such as the shad. 
As regards the general feeding habits of the gizzard shad, the fact was 
verified that whether accidentally or purposively, individuals of this species 
are capable of retaining relatively minute organisms for consumption. Many 
of the plankton species commonly encountered in shad digestive tract contents 
were no larger than 20µ in greatest dimension. Included here were species 
of Achnanthes, Cyclotella, Golenkinia, Oocystis, Scenedesmus, Tetra!ldron, 
Merismopedia, Euglena, Glenodinium, and ~. 
Examination of stomach contents of various game and pan fishes disclosed 
that crustacean plankters, primarily ~· Daphnia, Moina, Leydigia, 
Cyclops, and Diaptomus were important foods of newly hatched. specimens. 
Since several of these forms (especially Daphnia) also constituted primary 
foods of newly hatched shad, a possible competitive relationship between the 
abundant shad and the less abundant game fishes during initial growth stages 
was suggested. 
Examination of sub-adult and adult game fish revealed that gizzard shad 
were by far the most important forage species in North Twin Lake during 1954 
and 1955. Young-of-the-year yellow bass were next in importance but were 
utilized in comparatively small amounts. Both yellow bass and walleyes com-
monly utilized yearling shad during the 1955 summer although the ratio of 
yearling to young-of-the-year shad consumed by walleyes was somewhat 
greater than the same ratio observed for the yellow bass. The fact that North 
Twin Lake shad are vulnerable to predation over a longer period of time than 
are shad in several midwestern and most southern waters maybe an important 
factor in regulating their populations. It was suggested that any competitive 
effects the shad may have on desirable species, especially during early life 
stages, is offset or balanced by the forage the shad provide for the latter dur-
ing later life. 
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MOUTH SIZE OF LARGEMOUTH BASS IN RELATIONSHIP 
TO SIZE OF FORAGE FISHES1 
John Medlock Lawrence2 
Department of Zoology and Entomology 
The purpose of this research was to determine the size of various forage 
fishes a largemouth bass, Micropterus salmoides Lac., can swallow and to 
derive prediction equations for estimating these size relationships. The re-
lationship between mouth width and total length of largemouth bass was deter-
mined from 1377 individuals ranging in size from 31 to 595 millimeters in 
total length. The mouth width measurement was made externally between the 
posterior margins of the preopercula with_ the opercular flaps in the closed 
position. There was no single linear equation determined from either the 
actual or logarithmic values of measurements which would give satisfactory1 
estimates of mouth widths over the entire range of total lengths. Rather, 
linear equations which covered only 100 millimeter intervals of total length had 
to be used to give satisfactory estimates of mouth widths. Equally accurate 
estimates of mouth widths, determined for 100 millimeter intervals of total 
lengths, were obtained from either actual or logarithmic values of measure-
ments. 
The total length ranges of forage fishes for which the relationships between 
maximum depth of body and total length were determined included the follow-
ing: bluegill, Lepomis macrochirus Raf., 14-235 mm; redear sunfish, _!;. 
microlophus Gunther, 75-220 mm; green sunfish, !-· cyanellus Raf., 14-181 
mm; golden shiner, Notemi onus crysoleucas (Mitchill), 48-215 mm; and 
goldfish, Carassius auratus Lin.), 35-130 mm. Single linear regression 
equations, covering the full range of total lengths, were calculated for each of 
these species of forage fish. Equal accuracy of prediction was obtained using 
either actual or logarithmic values of measurements. 
Dissection suggested that the width between the cleithrum bones limits the 
size of fish a bass can swallow. This width between the cleithrum bones was 
found to be the same as the mouth width measurement previously described. 
It was postulated that a largemouth bass of a given total length could swallow 
a forage fish whose maximum depth of body was equal to the mouth width of 
the bass. However, feeding experiments indicated that bass would eat forage 
fish with maximum depths somewhat greater than the mouth width. 
The estimated total lengths of the various forage fishes largemouth bass of 
given total lengths can swallow were computed and tabulated. The equations 
used for estimating the mouth widths of largemouth bass were as follows: 
Total len~th 
less than 100 mm M 1. 88 + 0.0775 L s 0.68 
100 199 mm M -0.98 + 0.1043 L 2.13 
200 - 299 mm M -7.03 + 0.1358 L 3. 21 
300 - 399 mm M -2.84 + 0.1212 L s 4. 39 
400 - 499 mm M -19.99 + 0.1755 L s 5.47 
500 - 595 mm M -50.77 + 0.2405 L s 6.42 
The equations for estimating the total lengths of forage fishes from maximum 
depth of body were as follows: 
!Doctoral thesis number 1852, submitted November 28, 1956. Chairman of 
Committee, Kenneth D. Carlander, Department of Zoology and Entomology. 
2B.S., Alabama Polytechnic Institute, Auburn. M.S., ibid. 
Graduate Assistant, Industrial Science Research Instit;rt;:" 
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bluegills L 19.10 + 2. 3925 D S 11. 75 
redear sunfish L 6.06 + 2.8917 D s 7.38 
green sunfish L 11. 70 + 2.6859 D 4.96 
golden shiner L 18.30 + 3.8876 D s 7.19 
goldfish L 22.09 + 2.5992 D 10.29 
The practical application of the relationships between mouth widths of bass 
and maximum depths of body of forage fishes was demonstrated using the fish 
population data obtained upon draining a 1. 4 acre pond. It was shown that a 
more accurate Y /C ratio for a pond population, where the bass is the principal 
or only piscivorous species present, was possible since the actual size of 
forage fish available as food for the bass could be determined. It was also 
shown that cumulative and proportional Y /C ratios for each inch-group of bass 
could be calculated. It was suggested that such calculated Y/C ratios might 
aid considerably in determining the relationships within a fish population, 
particularly as concerns the "balance" within the population. It was also 
proposed that further applications of this relationship will be found when suf-
ficiently detailed data, obtained from numerous populations of fish, are avail-
able for study. 
EFFECTS OF CHEMICAL SEED TREATMENTS 
ON WIREWORM ACTIVITIES' 
William Henry Long2 
Department of Zoology and Entomology 
The studies reported in this thesis were carried out to compare the rela-
tive merits of several chlorinated hydrocarbon insecticides as seed treatments 
on corn to protect it against wireworms. Comparisons were also made of 
different rates of insecticide application, and of different diluents in the in-
secticide formulations. Certain water-soluble diluents were used in the early 
experiments with the hope that a formulation might be developed that would 
improve plantability and help solve the problem of disposing of excess treated 
seed corn for other uses. After some of the water-soluble materials were 
eliminated from further consideration, vermiculite was added to the list of 
diluents to be studied. It seemed possible that the same dosage of a given 
insecticide might give different plant and insect responses when formulated 
in different diluents. 
Laboratory and field experiments were carried out to determine the effects 
of the various insecticide treatments on germination and seedling development. 
Obviously a phytotoxic seed treatment is of less value and interest than anon-
phytotoxic treatment, although their abilities to kill wireworms and protect 
seeds are equal. Several experiments were carried out in which wireworms 
were exposed to treated seeds in glass jars to obtain quantitative data on the 
insecticidal effects of the treatments. Studies of a more qualitative nature 
were carried out on wireworm orientation reactions to chemical seed treat-
ments. Most of these involved the use of cobalt-60 for tagging the wireworms 
(Melanotus communis Gyll.) so that their movements could be followed in 
crocks of soil containing treated seeds. It was hoped that this method would 
'Doctoral thesis number 1900, submitted Marcy 22, 1957. 
Chairman of Committee, J .H. Lilly, Department of Zoology and Entomology. 
2B.A., University of Tennessee, Memphis. M.S., North Carolina State 
College, Raleigh. Graduate Assistant, Agricultural Experiment Station. 
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provide clues which might help explain the observed effects of different chem-
ical treatments on wi.reworms. 
Seed treatments with aldrin, heptachlor, dieldrin, and endrin failed to show 
appreciable phytotoxic effects due to these insecticides used at the dosages 
commonly recommended. All of the lindane seed treatments tested in which 
the rate of application was one and one-eighth ounce of insecticide per bushel 
of seed were phytotoxic in laboratory tests. Field conditions tended to reduce 
the degree of lindane toxicity, although decreases in yields and stands occa-
sionally resulted from as little as one ounce of lindane per bushel of seed. 
Two ounces of lindane per bushel were quite phytotoxic, and usually resulted 
in considerable decreases in stands and yields, 
Aldrin and heptachlor appeared to be the respective first and second choices 
among the insecticides investigated, both from the standpoint of potential 
usefulness in killing wireworms and in protecting treated seeds from attack. 
Under the conditions of these tests lindane ranked behind heptachlor in killing 
wireworms, and dieldrin was in fourth place. Endrin showed little toxicity 
against wireworms in these experiments. 
Data are presented to support the hypothesis that all ofthe insecticides 
tested repel wireworms to some extent, and that this repellency has the fol-
lowing components: (1) inhibition of the feeding reaction (type one repellency), 
and (2) orientation of the insects away from the treated seeds (type two repel-
lency). Type two repellency does not preclude the possibility of insect contact 
with treated seeds, but infers that after a wireworm has reached the vicinity 
of treated seeds it tends to remain near them for a length of time determined 
by the degree of type two repellency present. 
Aldrin and lindane were the most repellent of the insecticides investigated. 
The relatively greater repellency of aldrin as compared with heptachlor or 
dieldrin was attributed primarily to type two repellency. However, the rela-
tively high inherent toxicity of aldrin appears to make it first choice among 
the insecticides investigated, in spite of its repellency. The relatively greater 
repellency of lindane, as compared with heptachlor or dieldrin, was attributed 
to a combination of type one and type two repellency. This repellency Ca.uses 
lindane to rank no higher than third among the insecticides investigated from 
the standpoint of potential usefulness as a seed treatment for controlling wire-
worms. 
Heptachlor and dieldrin showed less type one repellency than lindane, and 
less type two repellency than aldrin or lindane. It is suggested that the inher-
ent toxicity of heptachlor may make it a better wireworm killer than dieldrin, 
and that this toxicity combined with lower degrees of both type one and type 
two repellency makes it a better wireworm killer than lindane. 
Wireworm kills tended to increase as the rate of insecticide application 
increased from one-half to two ounces per bushel of seed under the conditions 
of our laboratory experiments. 
Thiosolve was too phytotoxic to be of practical value as a water-soluble 
component of insecticide formulations used for treating seed corn. Also, 
seeds treated with it at the rate of 10.12 ounces per bushel dried slowly and 
remained sticky for extended periods of time. Triethanolamine oleate, used 
in the same way for the same purpose, was somewhat phytotoxic and also 
resulted in seeds that dried slowly and tended to remain sticky. However, 
there was an indication that triethanolamine oleate reduced the phytotoxicity 
of lindane to seed corn. 
Carbowax l 500W and Carbowax 6000 were found to be of questionable value 
as water-soluble insecticide diluents in seed-treating formulations, due to 
slight phytotoxic effects in laboratory tests. However, these effects usually 
were not apparent in the field experiments, particularly in the case of Carbo-
wax 6000. In field tests Carbowax 6000 appeared to be quite safe when used to 
formulate aldrin, dieldrin, endrin, or heptachlor, but not lindane. In fact, 
lindane phytotoxicity seemed to be increased slightly by both of the Carbowax 
compounds. Also both Carbowaxe s tended to slightly reduce insecticidal action 
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on wireworms, although this effect was small, particularly in the case of 
Carbowax 6000. 
Seeds treated with insecticide formulations containing vermiculite as the 
diluent resulted in stands and yields of corn just as good as those obtained 
from comparable commercial formulations in a field test where soil insects 
were not a problem. Also, in laboratory tests designed to evaluate the toxicity 
of seed treatments to wireworms the vermiculite formulations gave results 
equal to those obtained with the commercial formulations. 
AN APP LI CATION OF LINEAR PROGRAMMING 
TO FARM AND HOME PLANNINd 
Harold Clyde Love 2 
Department of Economics and Sociology 
The purpose of this study is to determine optimum farm plans forbeginning 
farmers, from foundation situations in the soil locality studied. The optimum 
plans are determined by application of the linear programming technique. 
In this benchmark study, long time price relationships between the various 
crop and livestock enterprises are adjusted to the current price level which 
is a basis for computation of input-output data. Three farm situations under 
average management and five under superior management include many of 
the management decision problems facing owner-operators in the Southern 
Pasture Region of Iowa. These situations are studied to determine the opti-
mum plans of operation at different capital levels. 
The objective of research is to discover new facts and to develop valid 
relationships. In this study optimum farm plans are derived to provide a 
basis for recommending particular forms of farm organization. 
The representative farm used for this study is in Adams County where the 
cropland is largely .Sharpsburg and Shelby soil types, with the former repre-
senting at least 60 per cent of the cultivated area. Owner operation of a 240 
acre farm with 152 cultivated acres, is used for study. Service buildings for 
the farm include: sufficient storage space for all crops raised on the farm; 
895 square feet of floor space for fattening hogs plus sufficient farrowing 
space in portable farrowing houses; barn space for 20 dairy cows; and poultry 
housing for 200 hens with brooder space for the necessary baby chicks, 
Labor for farming operations in all of the situations, except one situation 
including pasture renovation, is furnished by the operator and his family. 
Housewife labor to care for the poultry flock is assumed. Hence, labor to 
care for poultry is excluded from labor restrictions. In the pasture renovat-
ing situation, the alternative of hiring extra labor was included in the farm 
situation. Another variation of available resources, considered in this study, 
is increasing the size of the farm to the limits of available labor, 
Special attention is given to situations including the Grade B dairy activity 
under two levels of management. For comparison purposes situations exclud-
ing Grade B dairy under average management and excluding both milk cows 
and Grade B dairy under superior management were studied. 
The specific objectives of this study are, given the farm situation, to 
show profit maximizing farm plans for relevant amounts of capital and other 
1Doctoral the sis number 1 864, submitted December 12, 1956. Chairman of 
Committee, Earl 0. Heady, Department of Economics and Sociology. 
2B. S., Kansas State College, Manhattan. M. S., ibid. 
Graduate Assistant, Agricultural Experiment Station. 
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resources, making comparisons between pl~ns, and estimating the cost of 
adopting certain low risk plans. Optimum farm plans and the resulting profits 
are obtained by the linear programming technique. 
In all plans shown, the Shelby cropland use is determined by the livestock 
enterprises. The Sharpsburg soils use the CCOM rotation throughout but the 
rate of fertilizer changes with capital levels and moves to the highest rates 
only when capital is nonlimiting and dairy cows are not in the plan. For the 
average manager operating without a Grade B dairy enterprise, 11 milk cows 
are in the optimum plan at both the /j',5, 000 and /j',10, 000 capital levels. Hogs 
represent the next most profitable investment at low capital levels; hogs fully 
utilize all hog building space in the plans using high levels of capital. As 
capital increases above /j',10, 000, commercial heifers and deferred steers 
replace the milk cows. When Grade B dairy cows enter the plan, no other 
livestock can compete for resource use at the lowest capital level. At the 
/j',10, 000 capital level the dairy herd size increases and hogs enter the plan. 
At the nonlimiting capital level hog numbers increase and commercial heifers 
are included. The laying flock is included in all plans with capital nonlimiting. 
Plant including the Grade B dairy enterprise have higher returns than those 
excluding this enterprise at all capital levels. Permanent pasture is rented 
, out at the low capital levels. 
Under superior management, for both crops and livestock, hogs enter the 
plans first when milk cows and Grade B dairy cows are excluded. As capital 
increases the hog enterprise is followed by deferred steers, medium steers, 
and hens in the order listed. With a 12-cow minimum for Grade B dairy this 
enterprise enters the optimum plan only at the/,l.2,146 capital level. At higher 
or lower capital levels optimum plans include leas than 12 Grade B cows under 
superior management. 
In the low risk plans, livestock enterprise combinations of 16 Grade B 
dairy cows are "forced into" the plan under average management and 12 Grade 
B dairy cows and 9 beef cows are "forced in11 under superior management. 
Returns are reduced approximately 10 per cent below the competitive plans 
which exclude all dairy enterprises. 
The results of the pasture renovation, situation are in agreement with pre-
vious research. Pasture renovation enters the optimum plan only at a capital 
level of /,27, 211, after land purchase has been omitted as a possible alterna-
tive and after labor restrictions have been relaxed to permit labor hire in the 
spring and fall. In this extreme situation, pasture renovation enters the plan 
only at a point where the returns to capital are below six per cent. Alterna-
tive investments carrying a greater return are available to most farmers. 
When the land buying activity is included as an alternative, pasture reno-
vation is eliminated from the plan and farm size increases from 240 to 483 
acres in the plan with nonlimiting capital. Thus, under the assumptions of 
this study, the family size farm in Adams County could include 483 acres 
consisting of 306 acres of cropland, 151 acres of permanent pasture, and 26 
acres in building site, roads, and waste. 
The optimum plan, including land buying gives more than six per cent 
return to the last increments of capital. At this level of return on capital, the 
increase. o_f farm size from 240 to 480 acres provides a favorable alternative 
for owner operators if they have obtained a 50 to 75 per cent equity in their 
current investment. When equities are below the 50 per cent level, risk aver-
sion and uncertainty factors hinder the growth of farm size. A comparison of 
1954 census with 1949 for Adams County shows a 17. 6 per cent increase of 
farm numbers in the 260 to 499 acre size group. Significantly, during this 
same period farm numbers decreased in every size group below 260 to 499 
acres, in Adams County. This study indicates that the number of farms in the 
240 to 483 acre range will continue to increase rapidly. 
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FINANCIAL ORGANIZATION IN FARMER COOPERATIVES1 
Wilbur Richard Maki2 
Department of Economics and Sociology 
Financial organization in farmer cooperatives comprises the financial 
structure and the processes of management and planning. It was the purpose 
of this study, therefore, to analyze and to compare historical and optimum 
financial organizations in specified financing situations and to evaluate the 
application of an integrated approach, i.e., activity analysis of linear pro-
gramming, to financial management and planning in farmer cooperatives. 
It was postulated in the study that members patronize their cooperative to 
increase their individual farm profits. Cash payments on deferred patronage 
refunds and other economic benefits of membership serve as inducements to 
participation and are maximized over the anticipated period of membership in 
each individual case. 
The maximization of the net benefits of membership over time was accom-
plished within a specified structure of (1) available technology and (2) resource, 
market, and financing limitations using the linear programming approach. 
Four unique financing situations were used to specify the input-output rela-
tionships, which were affected by {l) the competitive market position of the 
cooperative, and (2) the nature of its management. Lack of quantitative infor-
mation on these factors required the use of the four generalized financing 
situations as a first approximation to the actual economic conditions in a 
specific case. 
Basic data to test the analytical models were obtained from two main sour-
ces: (1) financial and operating statements of a sample of cooperative elevator 
associations audited by the Farmers Grain Dealers Association of Des Moines, 
Iowa, over a period of four to ten years, including fiscal years ending during 
the 1953-54 marketing season, and (2) field survey of 160 members in eight 
cooperative elevator associations. A population of 1 72 cooperative elevator 
associations was stratified into two levels of average net savings over a four-
year period and two levels of change in total assets over the same period, 
i.e., fiscal years ending October 1, 1950 to September 30, 1953. Samples of 
86, 32, and 8 associations were obtained for historical and cross-sectional 
analyses. In addition, supplementary financing data were obtained by mail 
questionnaires.from selected elevators in the sample of 86 associations. 
Multiple regression equations were derived, using the least squares method, 
which provided the merchandising coefficients to describe the input-output 
relationships for each financing situation. Unit values, or prices were also 
estimated for each financing and merahandising group, using .the same meth-
odological procedure. Finally, quantitative measures of requirements and 
limiting factors were obtained from the membership survey and the financial 
and operating statements of elevator associations in the' sample. 
Limitations to the growth and expansion of farmer elevator associations 
were examined. Market, resource, and financing limitations were evaluated 
in terms of their historical origins, measurement, and impact upon the size 
and nature of the cooperative association. The limitations were identified with 
policy considerations in the cooperative association, but the level of manage-
ment was a critical variable in the structure of limitational factors. 
Specific financing limitations included (1) the structure of member prefer-
ences, (2) collateral and other financing requirements of lending institutions, 
!Doctoral thesis number 1842, submitted August 17, 1956. Chairman of 
Committee, Richard Phillips, Department of Economics and Sociology. 
2B.S., University of Michigan, Ann Arbor. M.A., ibid. M.S., Iowa State 
College, Ames. Associate, Agricultural Experiment Station. 
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(3) the state laws pertaining to farmer cooperatives, and (4) the productivity of 
capital on member farms. The preliminary applications show the importance 
of the first of these limitations, i.e., the structure of member preferences. 
Member preferences, particularly the financing preferences between equity 
financing and indebtedness, were as restrictive as the market limitations in 
certain cases in establishing the over-all organization of the cooperative. 
The linear programming applications were intended to illustrate the metho-
dology and data requirements of the technique: The most useful applications 
would involve a specific cooperative with a unique set of resources, market 
potentials, financing restrictions, and technology. Moreover, the linear pro-
gramming matrix should provide for a capital expenditures program as well 
as a merchandising program and a financial program. Each of the needed 
improvements in the application of the technique is feasible, however, within 
the proposed analytical framework. 
The analytical approach, employing the technique of activity analysis of 
linear programming, has tremendous potential application. Anticipated futu're 
improvements in available data and computational facilities and procedures 
will make possible the application of the approach to financing and other man-
agement planning problems of cooperative associations. It is a realistic and 
practical approach, insofar as it involves, not merely the quantitative meas-
ure of the technology employed in a particular elevator, but the restrictions 
that limit the use of the available technology. It will be possible to show the 
loss in net membership benefits as a result of the various market, resource, 
and financing limitations. Avenues for improvement of the economic environ-
ment of cooperatives will be suggested by the linear programming results. 
The management, the directors, and the members of the cooperative associa-
tion may relate the suggested improvements to their structure of preferences 
and purposes in membership. The suggested improvements may be discarded, 
but the decision can be made in light of a host of relevant factors. 
Two specific recommendations are made in view of the limitations and 
possibilities of the proposed analytical technique. (1) Research on the man-
agement factor in farmer cooperatives; (2) research on factors affecting the 
competitive position of farmer cooperatives. The research findings in the 
areas of management and industry structure would make possible the applica-
tion of a general programming approach to specific financing and other organ-
izational problems of farmer cooperatives. 
Finally, the place of membership education in the purposes, business op-
erations, and economic possibilities _of fa~mer cooperatives cannot be over-
emphasized. The survey data cited in the first part of this study emphasized 
the wide gap between present membership participation and the level of parti-
cipation assumed in the analytical model. 
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COST CONTROL OF SAMPLE SURVEYS BY TWO-STEP DESIGNS1 
Carl Ernest Marshall2 
Department of Statistics 
The design of a sample survey is frequently guided by the well-known prin-
ciple of obtaining maximum precision of estimates at a given cost. The for-
mulas for "optimum design" resulting from this principle usually involve the 
parameters of cost functions which are assumed to be known from "past ex-
perience". Such assumptions may, of course, be unwarranted, particularly if 
the survey involves operations of an untried nature. 
An attempt is here made to deal with this difficulty by what are called 
"two-step sampling schemes". With these designs a survey proceeds in two 
steps: 
(1) A first step survey involving a fixed sample size, n1, is carried 
out and in this process data on the cast of the operations are collected. 
(Z) Based on the cost information under (1 ), the size, n 2 , of a second 
step sample is determined by a formula, a "n2 -rule" designed to control 
the expected cost of the total survey. 
The problems associated with two-step sampling are here treated only for the 
simplest designs and the most elementary cost functions. They may be clas-
sified into two general areas: (a) construction of estimators which combine 
the results of the two samples, (b) formulation of rules for determining n 2, 
the size of the second step sample. Certain of these problems have been 
investigated in connection with three types of designs, (i) simple random, 
(ii) stratified random, and (iii) two special cases of two-stage. In each of 
these designs, discussion is limited. to equal probability sampling systems 
and to simple expansion estimators. 
To estimate the population mean two estimators were investigated: 
Ya= a1Y"1 + azyz and Yp = PY1 + {l-p)y2 • a1 and a 2 are constants while p = ~ 
n1+n2 
is a variable depending on n 2 and hence on the results in the first step sample. 
y 1 and y 2 are estimates of the population mean approximately obtained from 
the first and second step samples, respectively. The estimator Ya is an un-
biased minimum variance estimator. providing a 1 + a 2 = l and a1/a2 satisfies a 
specific condition depending on the type of design being used. The estimator, 
Yp• is a biased estimator--the bias resulting from the covariance between p 
and y 1-. However, if the variable being used in the n 2-rule is independent of 
the character being estimated, the estimator is unbiased. The optimum pro-
perties of Yp were not investigated; however, it does have two very desil'.able 
properties: (1) the sample means are weighted proportionally to the size of 
the samples, and (Z) when p and y1 are independent, Var Yp = s'P = s'E __ l __ 
n1 n1+nz 
has a precision like that of a mean based on an "expected sample size of n1 +n2". 
The variance of each of the estimators was derived. The above results are 
independent of the specific n 2 -rule, providing, of course, that the rule is 
determined from information in the first sample. 
Although a fairly general class of cost functions is considered, most of the 
specific results obtained are based on the following assumptions: (1) to each 
sampling unit there is associated a cost value, and (Z) the expected total cost 
is a linear function of the sample size. In addition to these, occasional sim-
plifying assumptions as well as certain approximation procedures were intro-
duced and tested on the cost records of two surveys--one urban, one rural. 
!Doctoral thesis number 1846, submitted October 4, 1956. 
Chairman of Committee, H. O. Hartley, Department of Statistics. 
"B.S., Oklahoma Agricultural and Mechanical College, Stillwater. M.S., ~· 
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The n 2-rule used was as follows: 
if c1 < c 0 and n 2 = n 0 otherwise, 
where {n1 + n 0 )c0 = Gp. When c 0 is so chosen that pz = Pr{c1 >co) is rela-
tively small, then this rule has the effect of causing the expected total cost to 
be approximately equal to the target budget, Gp. If advance estimates on 
costs are not too unreliable, then the values in the critical equation, Gp = 
{n1 + n 2)c0 may be jointly determined so that P 2 is small. The variation in 
total cost has two sources: {l) the usual sampling variation due to the random 
selection of sampling units, and {2) the variation in nz, the second step sample. 
If the coefficient of variation of unit cost is small then the variation in n 2 will 
be small and the contribution to the variance from the second source may be 
negligible. 
In addition to a rule for determining n 2 some suggestions for appropriate 
choices of the other design parameters n1 , n0 , and c 0 are given. An alterna-
tive n 2-rule based on a nonlinear cost function was examined briefly. 
Results of simple random sampling was extended to stratified sampling 
and to two-stage sampling under the limitation of proportional allocation of 
secondaries and using the customary cost function whose expected value was 
a linear function of the sample size. 
SOIL CLASSIFICATION IN POLK COUNTY, IOWA1 
Ralph Joseph McCracken' 
Department of Agronomy 
A study and appraisal of soil classification was made which was delimited 
to Polk County, Iowa. The present widely used approach to soil classification, 
the multicategorical taxonomic scheme, was used as a basis for this study. 
Evolution and development of this approach to soil classification since its 
inception by Russian soil scientists in the late nineteenth century is traced. 
Greatly increased numbers of soil series and map units in the past 50 years 
of soil classification and mapping in the Polk County area with attendant shifts 
in concept and nomenclature are shown. Lack of any appreciable discussion 
of the rationale and underlying logic for these changes is indicated as one pf 
a number of reasons for undertaking the present study. Other factors involv~d 
in undertaking this study were the inherent defects and indicated need for re-
vision of the multicategorical taxonomic approach and the need for evaluation 
of alternative or complementary approaches to soil classification. 
It is concluded from this study that the multicategorical approach is accep-
table, but that there is need for revision of criteria for classes at many of the 
categorical levels. The concept of soil modality as a specific test for place-
ment of soils in classes is rejected, though this concept seems useful as a 
mental tool or model. An alternative conceptual or type-group approach is 
suggested whereby classes are defined in terms of common characteristics. 
A functional, factorial approach to soil taxonomy and genesis studies was 
!Doctoral thesis number 1850, submitted November 12, 1956. 
Chairman of Committee, F. F. Riecken, Department of Agronomy. 
2A.B., Earlham College, Richmond, Indiana. M. S., Cornell University, 
Ithaca, New York. 
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evaluated, It is concluded that this approach contains such a large number of 
mechanical difficulties in its application that it cannot be considered an alter-
native to the multicategorical approach. However, it seems extremely useful 
as a complementary subsidiary approach when employed in qualitative fashion 
in soil studies. 
It is concluded that in the present imperfect state of knowledge about soils 
and significance of their properties that soil classification cannot at pre sent 
be a truly natural taxonomic system but must be diagnostic in nature, particu-
larly at lower levels of generalization such as the soil series category, It is 
suggested that agricultural relevance serve as a choice criterion for selection 
and weighting of differentiating characteristics except where utility of the 
class for other uses would be decreased. 
Physical and chemical data for a number of Polk County soil profiles were 
obtained and are presented in tabular form. These data and morphological 
descriptions have been drawn upon for classification studies. 
General soil genetic trends in Polk County on the basis of soil profile data 
obtained in this study and previous studies of Polk County soil profiles (White, 
1953; Folks, 1954; Prill, 1955) are summarized. 
Soil horizons, or genetic layers, have been quantitatively defined in terms 
of properties of Polk County soils. Some modifications of current soil horizon 
nomenclature and designations are proposed. 
Specific suggestions for revision of higher categories of the multicategori-
cal soil classification: 
l. Abandonment of concept of soil zonality as a criterion for classes at 
highest level of generalization and substitution of classifications by array 
(based on "classification by series" as developed by Mill, 1868) according 
to degree of display of the most important soil properties. This serves to 
remove the bias of the "norma,l soil" concept and places classification on 
basis of fundamental soil properties as reflections of dominant soil-forming 
processes. It is postulated that most fundamental prcperty is possession 
or absence of a B horizon. It is therefore proposed that soils be stratified 
into classes at the highest categorical level according to major kind of B 
horizon or lack of B. Two such classes occur in Polk County--those soils 
in which silicate clay accumulation in B is dominant process and those 
lacking in B horizons. 
2. Abandonment of genetic-ecologic basis of definition of classes at 
second highest level is advocated with replacement by array of soils ac-
cording to presence or absence of secondary soil horizons, such as Ae and 
Bg as defined in this study, 
3. Essentially no modification of current concepts of great soil groups 
is suggested except redefinition of Wiesenboden group to indicate presence 
of gley Bas defined in this study. 
Principles and criteria for classes at intermediate levels of generalization 
are presented. Classification of Polk County soil series into great soil sub-
groups and soil families on basis of these principles and criteria are given. 
A number of problems of soil series differentiation in Polk County are 
discussed and possible solutions suggested. 
Reorganization of current soil type and phase concepts is proposed. Those 
profile or point properties now used as phase criteria are proposed to supplant 
or to be given equal status with the current criterion of surface soil texture 
for the soil type category, the lowest level of generalization. Those shape 
characteristics of soil, or properties associated with the three-dimensional 
nature of soil, now used as phase criteria are suggested as a basis for sub-
sidiary classification composed of classes called utiles, which could be used 
to subdivide any taxonomic category. 
Relationships among great soil groups of Iowa and among Clarion, Nicollet, 
and Webster soil series are shown by means of three-dimensional plots. 
Properties are selected for plotting by application of a deductive system. 
Problem areas in soil classification requiring such further consideration 
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and study are: 
1, Weighting of criteria for classes at all levels of generalization. 
2. The range, concept, and definition of the soil series--the basic 
mapping and taxonomic unit, 
3, Whether soil classification should attempt to approximate natural 
classification or be a diagnostic (intermediate between natural and arti-
ficial or technical) classification. 
LOWER OXIDATION IN GALLIUM HALIDES1 
Richard K. McMullan2 
Department of Chemistry 
The lower oxidation states in anhydrous gallium halides have been charac-
terized by preparative methods and certain physical measurements. 
The gallium dihalides {chloride, bromide, and iodide) have been prepared 
by the reduction of gallium(Ill) halides with gallium or' by the direct union of 
gallium and the halogens. Gallium(!) tetrachloroaluminate has been prepared 
by the reduction of gallium(III) chloride with aluminum or by the reduction of 
gallium(III) chloride with gallium in the presence of aluminum(Ill) chloride. 
The phase diagram for the system gallium-gallium(III) iodide has been con-
structed. Gallium(III) chloride and gallium(III) bromide have been ·equilibrated 
with excess gallium (in the fused state) in order to determine whether gallium 
(I) chloride or bromide exists in a condensed phase, 
X-ray powder diffraction data have been obtained for the following com-
pounds: Gallium dichloride, gallium diiodide, gallium(III) iodide, gallium{!) 
iodide, and gallium(!) tetrachloroaluminate. 
The molecular weight of gallium dichloride has been determined cryoscopi-
cally in benzene using a thermistor as a resistance thermometer. Cryoscopic 
data have also been obtained for gallium(!) tetrachloroaluminate, These meas-
urements reveal that the basic unit of gallium dichloride is Ga2CJ... and further, 
that both gallium dichloride and gallium{!) tetrachloroaluminate form aggre-
gates in benzene. The cryoscopic data for gallium dichloride have been ana-
lyzed in terms of association of Ga2Cl4 into (Ga2Cl4 ) and (Ga 2CJ...}.. 
The dielectric behavior of benzene solutions of gallium dichloride has been 
examined. Solution densities have been determined and the dipole moment of 
gallium dichloride calculated to be 8. 9 De bye units. 
The Raman spectra of gallium dichloride and of silver tetrachlorogallate 
have been obtained in benzene. The results indicate that the tetrachlorogallate 
anion is common to both solutes. 
The following conclusions have been reached as to the nature of the lower 
oxidation states of gallium in the halide systems. 
1, Gallium{!) iodide exists as a stable solid phase but melts with slight 
disproportionation into gallium diiodide and metal. In the fused state, gal-
lium(!) chloride and gallium(!) bromide exist in equilibrium with gallium 
and the corresponding gallium dihalide, but only the monobromide is stable 
in the solid phase. 
2. The basic structural unit of the gallium dihalides is Ga(I) Ga(III)X. 
The compounds are, therefore, intermediates in the GaX-GaX3 systems. 
'Doctoral thesis number 1848, submitted November 5, 1956. 
Chairman of Committee, J. D. Corbett, Department of Chemistry, 
2B .S., Mississippi State College, Starkville. 
Research Assistant, Institute for Atomic Research. 
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3. In benzene, gallium dichloride exists as the highly polar ion-pair 
Ga+GaCl4 as do the species Ag+c104, Ga+AlCl.r, and Ag+GaCl;. The ag-
gregation observed With Ga+GaCJ.4 and with Ga+AlCJ.4 is due to the associa" 
tion of these dipola r species into multi polar units. 
4. The extent of disproportionation of gallium(!) halides into metallic 
gallium and gallium(!) tetrahalogallates decreases in the order chloride, 
bromide, iodide because of the decreasing stability of the tetrahalogallate 
anion. It is possible to stabilize gallium{!) chloride by the presence of the 
Lewis acid AlC1 3 which complexes the chloride ion causing the dispropor-
tionation. The product, Ga(AlC14 ), is structurally and chemically similar 
to gallium dichloride, Ga(GaC14). 
RELATIVE EFFICIENCIES OF FARM TENURE CLASSES IN RESOURCE USE1 
Walter G. Miller 2 
Department of Economics and Sociology 
The problems delimited for this study involve the effects of farm operators' 
tenure status on efficient resource allocation. With the use of 1954 data from 
a .stratifred-random sample of farms the objectives were these: (1) to further 
explore single equation models as means for estimating and comparing effi-
ciency in resource use within famns operated under different tenure classiff-
cations; and conjointly, (2) to gain further insights into the relationships be-
tween the tenure status of farm operators and the use and productivities of 
resources employed in Iowa and northern Illinois, the area from which data 
were obtained. The tenure classes considered were owner-operators, part-
owners and full tenants as tenure types, and livestock-share and crop-share-
cash renters as lease types. 
The hypotheses tested were concerned with the relations between 'th.! 
selected tenure classes and (a) gross output-input fractions, (b) patterns of 
resource marginal returns, and (c) the achievement of optimum resource 
combinations at given levels of production. The regression models applied 
for testing the hypotheses were (1) Y = µ + fl X + e:, where Y refers to gross 
production in dollars and X refers to gross resource services also in dollars, 
3 
and (2) log Y = log µ + L fl i log Xi + log e:, where the resource categories 
i = 1 
{Xi-s) were land and capital services in dollars and labor in weeks. As in the 
first model Y denotes gross production in dollars. 
With respect to the first hypothesis, t!iere were no differences in the esti-
mated gross average output-input coefficients for the tenure types. The dif-
ference between the two lease types is significant but the relationships appear 
to be "unstable." Further, livestock-share renters had an output-input coef-
ficient smaller than that of crop-share-cash, but one possible explanation is 
the larger average scale of operations iinder livestock-share leasing. Re-
sults also show that at two different levels of gross resource inputs, owner-
operators (the least efficient) are 91.1 and 91. 8 per cent as efficient as full 
tenants (the most efficient). But again, '"indices of comparative efficiency" 
are not significantly different. 
lDoctoral thesis number 1849, submitted.November 10, 1956. Chairman of 
Committee, John F. Timmons, Department of Economics and Sociology. 
213.S., University of California, Berkeley. M.S., ibid. 
Associate, Agricultural Experiment Station. --
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From the analysiS of resource marginal returns, findings indicate that in 
relation to the opportunity costs assumed, the marginal return to labor is low 
and the marginal return to capital services is high for the owner-operators. 
Thus, as expected, resource allocation could be improved with the use of more 
capital services under owner-operatorship. For part-owners, only the mar-
ginal return to labor is "low", indicating excess labor as in the case of owner-
operators. To absorb the excess labor thereof, the use of either land or 
capital services (or both) could be extended, with priority given to land. 
From the patterns of marginal returns under the two lease types, no evi-
dence is given of resource excesses. All marginal returns here are above the 
opportunity costs assumed. Therefore the use of all resources may be profit-
ably extended. But only the marginal returns to land (for both lease types) are 
significantly above the opportunity costs assumed for land. However, mar-
ginal returns under crop-share-cash are consistently lower than those under 
livestock-share leases. It is proposed that the consistent differential stems 
from one or a combination of (1) iiµerior management, or (2) differences in 
product combinations for crop-share-cash renters. The findings also pose 
another hypothesis; that "imperfections" generated by leasing arrangements 
are negated, on the average, by the sharing of uncertainties and the joint con-
tribution of landlords and tenants to the total farm assets. 
Contrary to expectations, the sighi.ficant differences between tenure classes 
in the levels of marginal returns are few: these are in the marginal returns 
to land and to capital services for owner-operators versus the two lease types. 
But still, these "differences" may be traced to possible "biases" in the esti-
mating equations used and to the estimated input of land. Further.more, the 
analysis seems to be confounded by labor quality as affected by the differences 
in the age distribution of operators under each tenure and lease type. 
According to the analysis on deviations fro:m. optimum resource combina-
tions the younger owner-operators are the most efficient--the average devia-
tion from minimum cost being 2. 5 per cent. On the other extrem,e, crop-
share-case renters are the least efficient with the deviation of 4. 7 per cent. 
However, it is very doubtful that the differences in deviations--levels of effi-
ciency--are significant. Again the findings cast doubts that the traditional 
broad classes of tenure, by owner-operatorship and methods of rental pay-
ment, are different in terms of achieving agricultural efficiency. 
Realizing possible errors and crudities in the specification of the analytical 
models used, in essence, the evidences from the three hypotheses still suggest 
that the intra-tenure class variations in resource use are probably greater 
than the variations between classes. This conclusion is based on the possible 
heterogeneity of tenure arrangements within each class that affect production 
decisions in different ways. The relatively small deviations from optimum 
resource use suggest further, that the inefficiencies present (if any) may have 
been cancelled by the efficiencies or other individual observations. Thus there 
is the need for orienting analytical models designed to detect the specific 
characteristics of tenure within each class that are impediments to production 
efficiency. 
However, it is recognized that both the data and the methods used in this 
study have weaknesses and could be refined. For example, separate functions 
for crops and livestock and improved valuation of resource services would 
probably yield more fruitful results, Also, the resource categories could be 
expanded since lumping of capital services conceals the way .in which more 
specific capital items are used. Then, too, the data used do not represent a 
true random sample of farm operators within the selected tenure class. But 
even with refinements of the data and the methods used in this study, it is still 
suspected that further analysis of the traditional tenure classes would not 
show significant differences in resource use. 
Evidence points toward the need for removing the effects of factors that 
are not tenure associated per se. It is presumed that factors such as labor 
quality .• managerial ability, capital position of the firm, and work preferences 
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affect resource use and productivities and are important to the extent that they 
are functionally related to the age of farm operators. Although not concrete, 
the observations suggest that adjustments for "age effects" are necessary. 
But still, the effects of tenure characteristics that may generate compensating 
forces to cover up inefficiencies within a tenure-age class remain to be iso-
lated. 
ROLLING COEFFICIENT OF FRICTION OF RUBBER TIRES1 
Merlin Lyle Millett, Jr .2 
Department of Theoretical and Applied Mechanics 
'The development of an equation for the rolling coefficient of friction of rub-
ber tires was approached by considering the energy produced in a. tire as it 
rolls along a runway. It was assumed that the tire was rolling at a constant 
velocity, that the surface was dry and level, and that the surface on which the 
tire was rolling was nonyielding. 
During the course of this study a correlation of existing tire data and an 
approximate analytical expression for the vertical deflection of a tire were 
investigated. 
The load-deflection data from existing aircraft rubber tires were correlated 
by first considering the items that cause or resist tire deflection and then 
using the tool of dimensional analysis to develop the equation for such correla-
tion. Correlation was achieved by considering the load-deflection curves for a 
tire with no internal inflation. A tire stiffness factor was included to account 
for ply rating of the tire selected. The correlation was achieved when a curve 
of the ratio of vertical d~flection to tire diameter ( !l/D) was plotted versus 
a parameter that included vertical load, tire deflection, and tire stiffness 
factor (WD/v ). A single line resulted based on an 18 ply-rating United States 
Rubber Company tire and a 22-ply rating Goodyear Rubber Company tire. 
A torus-shaped figure with constant cross-section was used to replace 
the actual tire cross-section in developing the equations for vertical tire de-
flection. A unit-width cross-section cut was taken through this figure and the 
internal energy resulting from loading the tire was determined. The rim was 
replaced by a horizontal force and a mon,ent and the inflation pressure was 
also considered. The deflection of the tire was determined by application of 
the Castigliano theorem. The tire stiffness factors were determined for the 
Goodyear 17.00-20., 22-ply rating tire experimental data and the analytical 
deflection equation, and plotted versus tire inflation pressure. The values of 
the stiffness factor were corrected for ply rating when applied to other tires. 
The vertical tire deflection of a tire based on the data from the Goodyear tire 
can be estimated within 10 per cent of the experimentally measured values. 
The equation for the rolling coefficient of friction was developed by con-
sidering the ~nergy required to deflect a tire section as it comes into contact 
with the runway. Part of this energy is lost in the form of heat and this energy 
constitutes the resistance to rolling. Thus the rolling coefficient of friction 
can be evaluated from the load-deflection characteristics of the tire. The 
rolling coefficient of friction can be predicted within 3 per cent of the meas-
ured value by the use of this equation. 
1Doctoral thesis number 1915, submitted May 29, 1957. 
Chairman of Committee, Glenn Murphy, Department of Theoretical and 
Applied Mechaµj.cs. 
2B. S., Iowa State College, Ames. M. S., ibid. 
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RADIOCHEMICAL STUDIES OF MERCURY 
AND ITS IONS IN DILUTE SOLUTIONS1 
Herbert Charles MoserZ 
Department of Chemistry 
Equilibrium studies have been performed with the objective of elucidating 
some of the chemical characteristics of mercury and its ions in dilute solu-
tions. Experiments utilizing radioactive mercury tracer to determine low 
concentrations have been carried out in a threefold area of investigation. 
The behavior of mercurous ions in dilute aqueous solutions has been stud-
ied. The principal aim of this endeavor was that of resolving between two 
alternate mechanisms describing the instability of mercurous ions in dilute 
solutions: dissociation of the dimers into monomeric mercurous ions and 
dismutation according to the equation: 
K 
Hg!+ ~ Hg++ + Hg(aq) • 
The ions were found to be unstable toward dismutation, and values of 5. 3 x 
l0-9 and 5.6 x 10-9 were calculated for the dismutation constant Kat 25°C. 
Measurements of the distribution of dissolved free mercury between n-hexane, 
cyclohexane and dilute aqueous solutions of mercurous nitrate wer;;- used to 
obtain these estimates for K. 
The above values for the dismutation constant are in fair agreement with 
val~es of 1.8 x lo-9 to 3.6 x lo-9 which were calculated using a different 
approach. The latter figures were obtained as products of the measurements 
of the concentration ratio {Hg++)/(Hg!+) and the solubility of mercury metal. 
Values of.0.0060 to 0.0120 were found in the literature for (Hg++)/(Hgi+) for 
systems containing mercurous and mercuric ions and liquid mercury metal. 
The solubility of mercury in aqueous solutions was determined in this study to 
be 3.0 x 10-7 g atoms per liter at 25°C. 
Although the possibility of dissociation of the mercurous dimers into mono-
meric mercurous ions cannot be completely excluded, the results of this study 
can be satisfactorily interpreted without considering this effect. The results 
indicate. that a dissociation constant as large as 1 x lo-7 is highly unlikely. 
In addition to the determination of the solubility of mercury in aqueous 
solutions, the solubilityof the metal in several organic solvents was measured. 
Solubility of Mercury in Organic Solvents at 25 •c 
Solvent 
n-hexane 
Cyclohexane 
Carbon tetrachloride 
Toluene 
Benzene 
Nitro benzene 
Cone. Hg x 1 06 observed 
g atoms/liter 
6.1-6.7 
11.0+0.2 
7.5t0.3 
12.5+0.5 
12.0+:0.6 
9.3£0.7 
Cone. Hg x 106 calculated 
g atoms/liter 
6.2 
21 
37 
48 
72 
157 
1Doctoral thesis number 1881, submitted January 11, 1957. 
Chairman of Committee, A. F. Voigt, Department of Chemistry. 
'B .A., San Jose State College, San Jose, California. 
Rese.arch Assistant, Institute for.Atomic Research. 
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The solubilities which would be expected on the basis of current theory were 
calculated with Hildebrand's "solubility parameter" equation and are included 
in the table for comparison with the experimental values. 
Distribution constants defined as the concentration of free mercury in the 
aqueous phase divided by the concentration of the metal in the organic phase 
were found to be 0.048 for n-hexane and 0.031 for cyclohexane. These com-
pare favorably with the rati;;s of the solubilities of the metal in water to that 
in each solvent which are 0. 04 7 for water-n-hexane and 0. 028 for water-
cyclohexane. 
In another area of study, equilibria between mercuric iodide and iodide ions 
have been investigated. Use was made of the extraction of mercuric iodide 
into benzene from dilute aqueous solutions of mercuric nitrate containing 
excess potassium iodide. The results were found to be consistent with the 
occurrence of the following equilibria: 
K 
Hgl2 + 1- ~ Hg!) 
and Hgl2 + 21 - ~ Hg!~ 
Values for the equilibrium constants K1 and K 2 were determined to be (5. 0 ~ 
0.1)10 3 and (5.1~0.1)105, respectively. 
DISTRIBUTION AND MOVEMENTS OF CHANNEL AND 
FLATHEAD CATFISH IN DES MOINES RNER, BOONE COUNTY, IOWA1 
Robert Jess Muncy• 
Department of Zoology and Entomology 
Recognition of the degree of instability of fish populatio~s is important in 
most phases of fishery research and management on streams. Past research 
has obtained various and sometimes conflicting results on movements of chan-
nel catfish, lctalurus punctatus (Rafinesque), and flathead catfish, Pylodictis 
olivaris (Rafinesque). During a 2-year population study on a 7-mile portion 
of the Des Moines River, 3, 077 channel and 168 flathead catfish were tagged 
and released from a total of 7, 447 channel and 239 flathead catfish. 
Size ranges and percentage of recaptures of channel catfish in hoop net and 
wire trap catches were noticeably greater for period I (April to July 7) than 
for period II (July 8 to November). These differences in catch could be caused 
by changes in effectiveness of gear, habits of the fish or migration from the 
area. Similarly, larger catches and recaptures of adult flathead catfish 
occurred during June and July. 
Hoop net catches of channel catfish were noticeably increased by the pres-
ence of ripe female channel catfish. Wide variations in net catches under 
similar environmental factors prevented the determination of the simple effects 
of such factors in catch. Comparison of catch per effort with water level 
fluctuation failed to reveal any relationship. Increased catches in fall were 
shown by length-frequency to be partially the result of recruitment of age 
groups 0 and 1 • 
Reduction in net recaptures during period II, even with cumulative numbers 
lDoctoral thesis number 1883, submitted February 27, 1957. Chairman of 
Committee, Kenneth D. Car lander, Department of Zoology and Entomology. 
2:6.S., Virginia Polytechnic Institute, Blacksburg. M.S., ibid. 
Graduate Assistant, Industrial Science Research Institute. 
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of tagged fish, indicated dispersal of fish following spawning as well as de-
creased effectiveness of hoop nets. Anglers i reports indicate that tagged 
channel catfish traveled as far as 26 miles from tagging locations. Of 92 
tagged fish caught by anglers, 63 had moved one-half mile or mo·re from tag-
ging location and 7 of the 63 were taken outside the 7-rnile study area, having 
gone over low-head darns at either end of the area. Only one tag from flat-
head catfish, which was recaptured at original tagging location, was reported 
by anglers. 
Anglers caught 4 per cent of the channel catfish tagged in first period both 
in 1955 and 1956, as compared to 1 per cent of those tagged from net catches 
in the second period. Percentage return from anglers was 1. 4 per cent for 
channel catfish tagged from electric shocker catches. Most of the shocked 
fish were tagged during the second period. A minimum harvest estimate of 
3 per cent was obtained from anglers' tag returns for all fish tagged and a 
return of 4. 5 per cent for tagged fish over 9 inches total length. It would 
seem that late spring and early summer catches in hoop nets are the channel 
catfish which contribute most toward the angler's creel. 
Examination of hoop net, electric shocking, and angler recapture data re-
vealed no definite migration for channel or flathead catfish, but indicated that 
foraging may cover considerable distance. Increased activity during the spring 
and early summer is probably associated with spawning. Tendency of fish to 
avoid or repeatedly re-enter nets was not detected; instead, recaptures oc-
curred over extended periods of time and seemed only to indicate presence of 
fish in trapping area. The greatest number of angler returns {14) from a pool 
at base of a low-head dam suggested that this obstruction was concentrating 
catfish moving upstream. Anglers' tag returns from deep pools indicate that 
the catfish population of these pools was not stable but was changing by move-
ment into and out of the area. Data from repeated electric shocking in two 
sections also suggested that the fish did not remain in same locations or pools 
week after week. 
Habitat preference of large flathead catfish, in addition to minimum net 
catches in late summer, presented sampling difficulties. Results obtained 
from limited use of electric shocker-trammel net combination revealed higher 
denslties than were thought to be present. During seven trials with this gear 
combination at large cover areas, 21 flathead catfish ranging from 13. 3 inches 
to 38. 9 inches total length were taken in the trammel net. These fish were 
not stunned and would not have been taken without the aid of the trammel net. 
Water depth, current, and floating debris limit the usefulness of this combina-
tion. This combination would be useful at times in obtaining large catfish 
from special areas when they are not being taken in other gear. 
Data were also collected on the age and growth of channel and flathead cat-
fish. Increments computed from spine cross-sections measurements, length-
frequency, and growth of tagged fish indicated that channel catfish grew less 
in 1955 than in 1956. Growth was not uniform throughout the entire summer 
of 1955 but was greatest during June and July. Fish tagged after July 1955 
had increased little or none if recaptured before June 1956. Below normal 
water levels and above normal temperatures may have been the cause of this 
reduced growth. 
Variables, such as missing annuli, unequal erosion of spine center, and 
changes in shape and location of spine cross-sections encountered in deter-
mining total length at each annulus from body-spine relationship, indicate that 
calculated lengths are at best approximations. Length-frequency and growth 
of tagged fish generally supported the calculated length data for spine cross-
sections. Calculated total lengths at first five annuli were 1.8, 4.9, 7.7, 10,1, 
and 12.3 inches for channel catfish, and 3.0, 6.4, 9.3, 12.1, and 17.3 inches 
for flathead catfish. Weight increased approximately as the 3. 13 power of the 
total length for channel and flathead catfish. Annual growth in length decreased 
with number of annuli but the annual growth increment in weight increased. 
Comparison of average ponderal indexes of tagged and untagged catfish 
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failed to reveal any consistent differences. Tagging may, however, have 
resulted in slow growth of some individuals. Numbered monel metal strap 
tags were attached to the opercle. Examination of all fish captured revealed 
only ten channel catfish with marks on the opercle indicating loss of tags. 
The number of eggs ranged from 2682 for an 11. 8 inch female channel 
catfish to 9721 for a 20. 2 inch individual. 
The many factors found to affect catches of catfish in stationary gear, such 
as traps and nets, suggest that caution must be used in determining population 
abundance or trends from catch data. Changes in catfish habits following the 
spawning season caused noticeable differences in observed catch without any 
appreciable changes in population abundance. 
BOND BETWEEN PORTLAND CEMENT PASTE AND AGGREGATE1 
Elmer Lewis Munger2 
Department of Theoretical and Applied Mechanics 
The bond between Portland cement paste andaggregate has been investigated 
with primary attention to the effect of the type of bonding action present in the 
mineral aggregate. It is postulated that there exists a relationship between 
the number of ionically bound oxygen atoms present in the mineral surface and 
the strength of the paste-aggregate bond. Significant correlations have been 
found between the number of such oxygen atoms and the strength of bond. 
The principal test data consist of the results of 7-day and 28-da.y tensile 
tests conducted on briquets containing transverse aggregate wafers at varying 
orientations with respect to the applied force. Aggregate wafers were of 
sepiolite, neat cement mortar, glass, calcite, chert, orthoclase feldspar, 
quartz, beryl, and spodumene. Subordinate test data include results of tensile 
tests on briquets containing polished feldspar wafers and spherical glass 
inclusions. The properties determined for each aggregate material were the 
specific gravity, absorption after 24-hour saturation at 22 • C and after 5-hour 
boiling, and rate of absorption per unit area of plane surface at 22 •c. 
Additional data reported by Thorvaldson (1955-56, Proc. Amer. Concrete 
Inst. 52:7.71-80, 1403-13) are included in the study. These data consist of 
b.reaking strengths of mortar briquets using 1 7 pure minerals as aggregates. 
Strengths are reported for 52-hour moist curing (control), 52-hour curing in-
cluding autoclave, and 52-hour moist curing (followed by 14-hour water curing. 
Evaluation of tensile and shearing stress components on the aggregate 
surface at varying angles indicates that the breaking strength of the surface 
between the Portland cement paste and the aggregate is in accordance with the 
Rankine or maximum normal stress theory, failure occurring for each aggre-
gate at a limiting value of the tensile stress component. 
A number designated as eifective oxygen ions per square micron is com-
puted for each aggregate on the basis of composition, specific gravity, Avo-
gadro's number, ionic diameter, and percentage of ionic character bonding. 
It is assumed that remaining oxygen atoms are bound by covalent forces, which 
yields a number designated as eifective valence oxygen atoms per square 
micron. The significance of the total numb er of oxygen atoms is also investi-
gated. Equivalent oxygen numbers ar.e computed for the minerals of Thor-
valdson's data. 
Multiple-product moment correlations and t values are computed for each 
of the oxygen numbers and the rate of absorption against the 7-day and 28Cday 
!Doctoral thesis number 1928, submitted June 6, 1957. Chairman of 
Committee, Glenn Murphy, Department of Theoretical and Applied Mechanics. 
2B. S., Kansas State College, Manhattan. M. S., ~· 
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average tensile strengths, and also against the strength gain from 7 to 28 days, 
of the principal test data. Product moment correlations are also computed 
for each of the oxygen numbers against the three strength values, and also 
against the strength gains from 52-hour control to each of the other values, 
for Thorvaldson's data. 
Significant t values are approached between the number of effective oxygen 
atoms per square micron and the 28-day average tensile strength of the prin-
cipal test data. Significant correlations are found between the number of 
effective oxygen ions per square micron and the breaking strengths after 52-
hour cu re with autoclave from Thorvald son's data. 
EFFECT OF CORN RESIDUE ON NITROGEN AVAILABILITY IN SOILS1 
Robert Dean Munson2 
Department of Agronomy 
This investigation has been conducted to study the effects of corn residue 
upon the availability of soil and fertilizer nitrogen, to determine the effects of 
corn residue and fertilizer nitrogen upon the rate of immobilization and min-
eralization of nitrogen; and to study the effect of time of residue application 
upon nitrogen availability. Utilizing both field and greenhouse experiments, 
the objective has been to provide the soil scientist with added knowledge per-
taining to crop-nitrogen-residue relationships to aid in decision making and to 
suggest, where possible, new avenues for research. 
In the field investigations, which involved three nitrogen-corn residue ex-
periments conducted during two years on three different soil types, replicated 
split-split plot experiments were employed, using oats as the test crop. Both 
nitrogen and chopped corn residue were applied in the fall and spring. Four 
levels of nitrogen and two levels, of r.l'sidue were used. Tl;ie oat plots were 
sampled during the season and at maturity, and total dry matter and nitrogen 
yields were determined for each sampling. Oat grain yields were also deter-
mined at maturity. 
Three nitrogen-corn residue greerihouse experiments were conducted, using 
varying rates of nitrogen and corn residue with and without previous periods 
of incubation before planting the test crops. In one experiment the pots were 
treated as mentioned above, but half of the cultures were leached with distilled 
water in order to determine the effect of residue and added nitrogen upon 
nitrogen transformations in the soils. Both the leached and unleached pots 
were then cropped with oats. The greerihouse measurements included dry 
matter yields and nitrogen yields, and inorganic nitrogen determined on the 
leachate. 
In the field in 1953, 3 tons of chopped corn residue had little negative effect 
on nitrogen availability as indicated by nitrogen yields. At maturity, the 
nitrogen yields of the residue and nonresidue plots were essentially equal. 
The residue, in some cases, decreased the availability of fertilizer nitrogen 
more than that of the soil nitrogen. In the 1956 experiment, 4 tons of chopped 
corn residue actually increased both the nitrogen and oat grain yields. This is 
believed to have been due to the moisture conserving effects of the residue. 
In the greerihouse experiments, corn residue markedly reduced nitrogen 
availability as indicated by dry matter and nitrogen yield of oats. Added nitre-
IDoctoralthesis number 1917, submitted May 29, 1957. 
Chairman of Committee, John Pesek, Department of Agronomy. 
'B.S., University of Minnesota, Minneapolis. M.S., Iowa State College, 
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gen tended to nullify the effects of the corn residue. Increasing quantities of 
nitrogen were immobilized in the presence of a given quantity of residue with 
increasing levels of nitrogen, and the rates of immobilization or mineraliza-
tion at a given point in time in the presence of residue wer~ increased consid-
erably with increasing levels of nitrogen. Initially immobilized nitrogen, 
however, was released later during a period of incubation. 
It is concluded that in the field, under the experimental conditions that 
existed, corn residue had little effect in reducing nitrogen availability to the 
oat crop. In some cases, residues may actually increase the availability of 
nitrogen, due to their moisture-conserving effects. If soil is deficient in 
nitrogen, it is necessary to apply nitrogen for the crop's benefit, but not for 
the decomposition of the residue. Furthermore, it is concluded that in the 
greenhouse experiments in the presence of residue, large quantities of nitrogen 
are immobilized and that the quantity of nitrogen immobilized bya givenamount 
of residue increases as the level of nitrogen applications increases. The rate 
of nitrogen immobilization and mineralization in the presence of a given appli-
cation of residue is increased with increasing rates of nitrogen, depending 
upon the point in time considered. Furthermore, nitrogen that is immobilized 
is again released for crop utilization. The leaching technique used in this 
investigation provides an excellent method for studying nitrogen transforma-
tions in the soil. 
VIRAL SYNTHESIS IN ESCHERICHIA COLI B INFECTED WITH 
ULTRAVIOLET IRRADIATED AND UNIRRADIATED BACTERIOPHAGE1 
Robert Leland Nutter 2 
Department of Physics 
A series of experiments on the multiple infection of the bacteria Esche-
richia coli B. by ultraviolet (UV) irradiated T 2r+_or T4r+ bacteriophage was 
perforffi;;d, with simultaneous experiments employing multiple infection on 
identical bacteria by unirradiated phage as controls. 
Multiplicity reactivation is the name given to the phenomenon in which the 
effective survival of ultraviolet irradiated bacteriophage is greatly increased 
by the simultaneous infection of a bacterium by more than one irradiated bac-
teriophage particle. Multiplicity reactivation, which ordinarily takes place 
with the T even phages, did not take place with either T 2r+ or T4 r+ when mul-
tiple infection of bacterial cells, which were grown to a limited concentration 
in a synthetic glucose-salts medium with limiting glucose, was allowed to take 
place with phage irradiated with ultraviolet light, of largely 2537A. wave length, 
to a survival of O. 03 to 0. 003. These cells did yield new phage upon multiple 
infection with unirradiated phage. 
Multiplicity reactivation was found to take place in cells grown in a regular 
glucose-salts medium, containing more than a limiting amount of glucose, if 
leakage and "lysis-from-without" were pre'{ented by infecting the cells in the 
medium itself and not in buffer, and in cells. grown in a glucose-salts medium 
supplemented with amino acids, vitamins, and minerals, in which case the 
cells could be centrifuged out and resuspended in buffer for infection without 
danger of leakage or "lysis-from-without." 
Using one of the systems in which multiplicity reactivation does take place, 
I Doctoral thesis number 1903, submitted April 15, 1957. 
Chairman of Committee, Robert L. Sinshcimer, Department of Physics. 
2B.A., Emmanuel Missionary College, Berrien Springs, Michigan. 
M.S., University of Colorado, Boulder. 
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multiple infection experiments were carried out with UV irradiated and un-
irradiated T 2r+. The total desocyribonucleic acid (DNA), as measured by 
the Dische diphenylamine test on O. 3M trichloroacetic acid precipitates of 
cultures drawn at various times after infection, increased after a 3- to 5-
minute lag period in the case of infection wi~ unirradiated phage. The total 
DNA curve, after infection with UV irradiated T 2r+, was similar in shape but 
lagged behind the former DNA curve by 8 to 10 minutes in each case when the 
experiments were run simultaneously on separate fraction of the same bacte-
rial culture. The UV absorbing acid soluble components from these same 
samples were found to increase, in.general, with time after infection, and the 
values for infection with UV irradiated phage were the same as for infection 
with unirradiated phage for the fi st 60 minutes, after infection, after which 
the amount of UV absorbing acid soluble materials in the case of the irradiated 
phage was greater. The UV absorption spectra of the acid soluble fractions 
revealed peaks at 260 mµ indicative of nucleic acid breakdown products. The 
differences between spectra of different samples indicated the presence of 
protein derivatives also. 
Duplicate one-step growth experiments for multiple infection with UV irra-
diated and unirradiated T2r+ gave latent periods within one or two minutes of 
each other and burst sizes of approximately 50 and 100 T 2r+ per bacterial cell 
respectively. 
Premature lysis of the bacterial cells in a chloroform-cyanide mixture 
indicated a lag perfod of 8 to 10 minutes in the appearance of active intra-
cellular phage in the case of multiple infection with UV irradiated T 2r as 
compared to their appearance in the case of multiple infection with unirradi-
ated T2r+. 
A method was developed employing paper electrophoresis for the separation 
of the free bases cytosine, hydroxymethyl cytosine, thymine, adenine, and 
guanine in an electric field at a pH of 3.4. The bases were eluted from the 
papers with 85 to 95 per cent recovery. Since the DNA from T even phages 
contains hydroxymethyl cytosine but no cytosine, while E. coli B DNA con-
tains cytosine but no hydroxymethyl cytosine, a quantitati;;. ;st'imation of the 
amounts of these two bases in a mixture .. was used to assay for relative amounts 
of E. coli B DNA and T 2r+ DNA originally present in a mixture of the two 
aft;;-r separation of the DNA from other materials and an acid hydrolysis of it 
to the free bases. This. method· was employed to estimate amounts of T 2r+ 
DNA and E. coli B DNA present in an infected culture at various times after 
multiple Wection with UV irradiated or unirradiated T 2r+ bacteriophage. This 
information was graphed. The curves for bacterial DNA versus time indicated 
decreases with time after infection iri each of the two cases. The curves for 
T 2r+ DNA versus time indicated a period of zero increase followed by a rise 
to a steady rate of production of DNA. The curve for multiple infection with 
UV irradiated phage lagged behind that for infection with unirradiated phage 
by 8 to 10 minutes but had the same shape. In the same experiment, simul-
taneous determinations of active iritracellular phage at various times after 
infection made possible an estimate of the DNA pool size in terms of phage 
units of DNA per bacterial cell which amounted to 45 to 50 iri both the case of 
infection with unirradiated phage and iri the case of infection with UV irradi-
ated phage. 
By using 5-methyl tryptophane as an irihibitor of protein synthesis, and 
adding it at the time of infection or at a later time iri simultaneous cultures of 
bacteria, one multiply infected with UV irradiated phage and the other with 
unirradiated phage, and reversirig the effect at later times by the addition of 
tryptophane, it was determined that proteiri synthesis is necessary soon after 
infection with UV irradiated as well as with unirradiated T 2r+ iri order for 
bacteriophage production to take place. Protein synthesis is necessary for 
the initiation of DNA synthesis but not for its contiriuation. There is evidence 
that some of the steps iri the multiplicity reactivation process, after the initial 
steps, do not require proteiri synthesis. 
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INVERTEBRATE FISH FOOD FROM DREDGED AND 
UNDREDGED PORTIONS OF NOR TH TWIN LAKE1 
John Baxter Owen2 
Department of Zoology and Entomology 
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Several shallow Iowa lakes have been dredged to increase their recreational 
value. The present study was undertaken to determine some of the biological 
effects of the hydraulic dredging. Since bottom fauna organisms can be ex-
pected to be most affected by the dredging and since the bottom fauna are im-
portant fish foods, the study placed the principal emphasis upon a comparison 
of the bottom fauna of dredged and undredged portions of the lake. 
North Twin Lake is a long and narrow lake of about 509 acres in Calhoun 
County, Iowa. An area of 135 acres in the southern end of the lake was dredged 
to a depth of from 14 to 18 feet in 19 39 and 1940. The north end of the lake is 
from 4 to 7 feet deep. About 92 per cent of the lake bottom is mud, comprising 
the quiet-littoral zone; the remainder of the lake bottom is the wave-washed 
sand of the erosion-littoral zone. 
Collections were made in 1 7 periods during all seasons of the year from 
July 1951 to August 1954. Bottom samples were taken with a quarter square 
foot Ekman dredge in the quiet-littoral zone along a number of transects per-
pendicular to the long axis of the lake, with equal numbers of transects in the 
dredged and in the undredged areas of the lake. 
The predominant bottom organisms of the quiet-littoral zone were the lar-
vae of Chaoborus punctipennis {Say) and of various Chironomidae. Oligocha-
etes occurred in numbers in all areas of the lake but were found not to be fed 
upon by fish. 
It was found that the numbers of Chaoborus varied little among locations 
across the lake at each transect. The principal source of variation was along 
the long axis of the lake. Hence, increasing the number of transects and de-
creasing the number of samples on each transect materially increased the 
efficiency of the sampling design. Chaoborus larvae from Ekman dredge bot-
tom samples taken in pairs at one location often showed statistically different 
mean lengths and abundance. It is known that the smaller larvae are free-
swimming near the bottom, while the larger larvae are burrowing in habit 
during the daylight hours. It was suggested that the taking and washing of the 
first dredge sample at one location may so disturb the actively swimming 
smaller larvae that the second sample might take a smaller proportion of the 
small larvae. Chaoborus, then, might be sampled more accurately by taking 
single samples from a greater number of locations. 
Chaoborus were more numerous in the dredged than in the undredged zone. 
Their numbers and weights decreased in the summer, due to the emergence of 
adults and perhaps because of an increased rate of predation by fish. This 
numerical decrease in the dredged area was relatively greater in the shallow 
· than in the deeper portions. . 
Larvae of Chironomidae were present in substantial numbers in both the 
dredged and undredged zone during all seasons of the year. Chironomidae 
were more numerous in the dredged zone at all seasons except during July 
and August, when a somewhat larger standing crop was found in the undredged 
zone. 
The average annual standing crop of Chaoborus and Chironomidae was 33. l 
!Doctoral thesis number 1875, submitted December 14, 1956. Chairm;m of 
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pounds (net weight} per acre in the dredged area compared to 16, 6 pounds in 
the undredged. On the basis of pounds of crude protein, the comparable figures 
were 1. 89 pounds for the dredged and 0. 70 pounds for the undredged area, 
It was estimated that Chaoborus punctipennis and several of the important 
species of Chironomidae had three generations per year in North Twin Lake 
in both dredged and undredged portions of North Twin Lake. Therefore annual 
standing crops are probably proportional to the rate of production in the two 
areas. 
Forage ratios calculated for Chaoborus and Chironomidae indicated that 
black bullhead in 1953 and 1954 and yellow perch and yellow bass in 1954 fed 
upon a greater percentage of Chironomidae and a lesser percentage of Chao-
borus than the comparable percentage of these organisms in the lake bo~. 
In 1953 yellow perch fed upon Chironomidae in approximately the same ratio 
as its occurrence in the bottom fauna and fed upon Chaoborus at a somewhat 
higher ratio than its relative occurrence in the bottom fauna. Yellow bass in 
1953 selected Chironomidae and Chaoborus in proportions approximately equal 
to their relative abundance. 
The relative availability of bottom fauna from the dredged zone is unknown. 
It has been shown that the standing crop of potential fish food per unit area is 
greater in the dredged zone than in the undredged zone. Yet if we interpret 
the low forage ratio of Chaoborus, the typical organism of the dredged zone, 
as being a measure of .the relative unavailability, then the Chironomidae of 
the dredged zone may be equally unavailable. 
Sheet erosion of the watershed of North Twin Lake appears to be affecting 
the .lake adversely by covering the sandy erosion-littoral zone with silt. It is 
suggested that steps be taken to limit erosion and undue sedimentation affect-
ing North Twin Lake. The sandy erosion-littoral zone in North Twin Lake 
appears to be wider in proximity to the dredged area. It is suggested that 
perhaps the sandy littoral zone could be enlarged in lakes that may be dredged 
in the future by making the dredge cuts through the long axis of the lake, 
rather than in one end. 
EFFECTS OF FLOODS AND DROUGHTS ON 
FISHES OF A SMALL INTERMITTENT STREAM1 
Andreas Athanasios Paloumpis2 
Department of Zoology and Entomology 
Squaw Creek, located in central Iowa, is an intermittent stream approxi-
mately 40 miles long and has a drainage a·;ea of 240 square miles. Two years 
of drought, 1953 and 1955, and one year of floods, 1954, were observed. Fish 
were collected with minnow seines, )Vire, ~raps, electric shocker, and rote-
none. 
The method used to estimate the magnitude of changes in the fish population 
of the stream consisted of seine hauls covering a stream distance of 20 feet 
using a 20-foot common sense minnow seine. Factors which might affect the 
seining method were evaluated. Downstream seine hauls resulted in a highe1 
average catch and in the capture of more species of fish than did upstream 
seine hauls. The first seine haul made in a section of stream did not appear 
lDocto;ral thesis number 1815, submitte.d June 29, 1956. Chairman of 
Committee, Kenneth D. Carlander, Department of Zoology and Entomology. 
~.S., Illinois State Normal University,.Normal, Illinois. M.S., ibid. 
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to give larger average catches than did the subsequent seine hauls. At lower 
water levels the average catch per seine haul was higher due to the concen-
tration of fish in the reduced area. There were greater catches per effort 
between the hours of 9:00 p.m. and 3:00 p.m. than in the daytime. The num-
ber of samples necess.ary to detect a 10 per cent change in the population was 
1, 118 samples, a 30 per cent change 124,.~~mples, and a 50 per cent ch.ange 
45 samples. The seining method appeared to be selective for intermediate 
sized fish {l. 0 to 5. 0 inches tot.al length), but an electric shocker indicated 
that larger fish were rather rare in the creek during the period of study. 
The Squaw Creek bed is predominantly shifting sand which results in an 
u~stable and unproductive habitat. During most .of the study period, bottom 
fauna organisms could be found only in a few isolated habit.ats. 
The er.eek was reduced to a series of isolated pools during the ·drought 
periods. ,,In the severe winter of 1955-56, fish, in all except one pool, were 
killed by ·drying of the pools, freezing of the pools; or by oxygen depletion. 
Waste water from the College heating plant permitted the fish. to survive in 
the one pool. Low water levels may also create· a barrier to the· upstream 
spa~~g migration of fish from the Skunk River. Spawning of creek chubs 
'l(a.S delayed over a month in 1956 because low water kept them from suitable 
hB.bitat in Squaw 'Creek. 
' The effect of drought conditions are not as drastic in bordering ponds as 
in the creek. The drought of 1953-54 had little effect on the ponds, but the 
drought of 1955-56 was considerably more serious. The bottom fauna showed 
a great increase in numbers and volume per Ekman dredge sample in Sep-
t!!mber, 1955. The increase was partly the result of a normal late .ium~er 
iJicrease in bottom fauna and probably partly the result of concentration of 
s'ome of the forms as the area of the pond decreased. Severe winter conditions 
resulted in the complete ·freezing of the pool resulting in the destruction of 
the .. fish and bottom fauna, of the pond. 
Flood periods . are !mown to decrease 'the fish· population of streams by 
stranding ·fish in isolated pools on normally terrestrial habitats, but only one 
fish was found in pools left in the flooded areas after the August 1954 flood. 
Flood periods have a beneficial effect upon the stream fish population by 
a1lowing fish from bordering ponds to enter Squaw Creek. · 
The fish population in Squaw Creek iS able to survive drought and flood 
periods only in certain areas or sanctuaries. Even these sanctuaries may not 
be safe for the fish. As the habitat decreases, predators take many of the 
fish, and oxygen depletion may cause exi:.ensive mortality. If the water is very 
low, the pools freeze to the bottom killing bottom fauna an·d fish. During flood 
periods the small tributaries .serve as ,important sanctuaries. Young creek 
chul:>s, Semotilus a. atromaculatus, we're found to be quite abundant in small 
streams following -the June 1954 flood. ·· . 
The bigmouth shiner, Notropis ~· dorsalis, comprised over 80 per cent of 
the fish population in Squaw Creek during the period of study. Red shiner, 
Notropis l· lutrensis, while much less abundant ntimerically, was widely dis-
tributed and was t.aken in almost as many samples as the bigmouth shiner. 
The red shiner appeared to withstand concentration as the habitat decrea.se'd 
with drought better than most other species. Twenty-seven species of fish 
were collected from October 1953 to. June 1956, but four of"these were not 
considered as normally inhabiting the creek. 
Most of the species have been successful in maint.aining themselves re~· 
gardless of the drastic Changes which occur in the habit.at. The fish popula-
tion ch.anges seem to be rather a.mall .cmnp'.';;i:ed to observed habit.at chai:iges. 
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VEGETATIVE' VIGOR, SEl!:D SETTING, AND SEED SHATTERING 
IN SELECTIONS AND CROSSES OF BIRDSFOOT TREFOIL 
{LOTUS CORNICULATUS L.) 1 
Hugh Anthony Peacock2 
Department of Agronomy 
Birdsfoot trefoil is becoming an increasingly important forage legume in 
the areas of adaptation. Limiting factors in its distribution have been lack of 
seedling vigor, inadequate seed supply, and relatively low forage yields. This 
study was undertaken to investigate the possibility of increasing vegetative 
vigor, seed production, and resistance to seed shattering through a recurrent 
selection breeding program. The study consisted, primarily, of the evaluation 
c:if four noninbred clones in each of four groups, and the diallel crosses of the 
Jioninbred clones .within each group. Vegetative vigor was measured by. esti-
mating growth habit, recovery after cutting, and by actual forage yields of 
open pollination progenies and diallel cross progenies. All parent clones in 
this study were self-incompatible, but each produced enough viable pollen for 
normal cross-pollination. All clones were cross-compatible in every combi-
nation, but, as indicated by actual seed set, there was considerable variability 
in cross fertility among the various crosses made. 
To measure the actual percentage seed pod shattering, seed pods were 
exposed to a relative humidity of 35 per cent for 72 hours. The dessication 
chambers were kept in an unlighted room at room temperature. A 72-hour 
period at 35 per cent relative humidity was found to be necessary to allow the 
system to come to equilibrium to effect maximum shattering so that the de-
gree of resistance of seed pods to shattering could be differentiated. A cor-
relation coefficient of O. 992, significant beyond the l per cent level, expressed 
the relationship between shattering percentages of the same clones or strains 
collected on two dates. 
Wide differences in susceptibility to seed pod dehiscence existed among 
clones. These differences appeared to be due to differences in genotypes of 
the clones. No differences in forage yield were found between crosses and 
their reciprocals. 
Trefoil clones were evaluated by determining forage yields of their open 
pollination progenies and diallel cross progenies. The clones considered best 
in general combining ability were those which produced both open pollination 
progenies anddiallel cross progenies of highest yields. Significant differences 
in forage yield were evident among open pollination progenies within groups 
and among diallel cross progenies within groups. 
Clones having an upright growth habit produced only upright plants in their 
open pollination and diallel cross progenies. The clones considered best in 
seed production were those that.produced the highest seed production scores 
in both their open pollination and diallel cross progenies. 
The analysis of the open pollination and diallel cross progenies of the thir-
teen clones for recovery after cutting indicated that plants of the upright type 
recovered faster after cutting than those of the semiprostrate or prostrate 
type. Of the progenies studied, those in group I, European upright type, ranked 
best in recovery after cutting. 
The open pollination progenies of the clones in group ID, selected specifi-
cally for resistance to seed pod shattering, were the most resistant among the 
open pollination progeny groups, and were more resistant than Iowa Empire 
!Doctoral thesis number 1854, submitted December 4, 1.956. Chairmen of 
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or New York Empire. The diallel cross progenies within group Ill were more 
resistant to seed pod shattering than the open pollination progenies within 
group Ill, and displaye-d the most resistance among all comparisons based 
upon both shattering resistance mean scores and actual shattering resistance 
tests. 
Several synthetic recombinations were evaluated for seed pod shattering 
resistance. The percentage seed pod dehiscence of the first cycle synthetic 
of the European type, when compared to the original European, was decreased 
significantly, as were the shattering percentages of first and second cycle 
synthetics of the Empire type, when compared to the original Empire. The 
seed pod shattering of the second cycle synthetic of the Empire type was 
slightly less than that of the first cycle synthetic. 
There was little apparent gain in forage yield or in seed setting from two 
cycles of recurrent selection. However, in each cycle selection was based on 
multiple criteria and not only on these specific factors. 
One cycle of recurrent selection for resistance to seed pod shattering 
resulted in a shift in the mean of l 7. 55 per cent. 
In recurrent selection studies on forage yield, seed production and resist-
ance to seed pod shattering, the open pollination progeny performance was 
similar to the diallel cross progeny performance, and in general, could be 
used to predict the performance of the diallel crosses. 
An attempt was made in this study to partition the_ observed variance or 
covariance into the environmental and genetic components. In general, genetic 
correlations were relatively higher than observed correlations indicating that 
the environment tended to mask the expression of genetic relationships between 
open pollination and diallel cross progenies for the various characters. The 
path coefficients indicated that, in general, genetic effects were more impor-
tant in both diallel crosses and open pollination progenies than were environ-
mental effects. 
A correlation coefficient of -0. 8676, significant beyond the 1 per cent level, 
expressed the relationship between growth habit scores and seed production 
scores, indicating that plants having a more prostrate growth habit produced 
more seed than those having an upright growth habit. 
The relationship between growth habit scores and recovery scores was 
expressed by the correlation coefficient, O. 6928, significant beyond the l per 
cent level, indicating that plants having an upright growth habit recovered 
more rapidly than plants having a more prostrate growth babit. 
The correlation coefficient, O. 7233, significant beyond the 1 per cent level, 
expressed the relationship between actual shattering percentage and the shat-
tering scores of open pollination progenies, and a somewhat lower correlation 
coefficient, 0.4654, significant beyond the 5 per cent level, was found for the 
relationship between actual shattering percentage and shattering scores of 
diallel cross progenies. 
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PROTEIN REQUIREMENTS OF BABY PIGS1 
Ernest Ramy Peo, Jr.2 
Department of Animal Husbandry 
Growth Studies 
Four hundred and eight baby pigs, weaned at an average weight of 6. 2 lbs 
and at an average age of 8. 3 days, were used in three continuous growth 
experiments designed to study the protein needs of baby pigs. In all experi-
ments the gains and feed efficiencies of the baby pigs were used as criteria of 
response. 
In the initial experiment, four levels of protein and four levels of fat were 
studied in a four by four factorial designed experiment with 272 of the baby 
pigs to determine the interrelated effects of protein and fat levels on gains 
and feed efficiencies of baby pigs when fed dry meal-type rations. 
Response to protein levels for the first two-week test period showed a sig-
nificant protein linear regression with maximum gains occurring on 30 per 
cent protein. For the four-week test period, the observed gains when aver-
aged across all fat levels were maximum on the 20 per cent protein rations. 
Smoothing these gain responses with a multiple regression equation 'shifted 
the apparent {predicted) maximum response to the 25 per cent protein rations. 
There were no significant differences in gains attributable to fat levels for 
either the first two-week or the four-week test periods. However the outward 
appearance of the pigs and the physical characteristics of the rations were 
improved when fat was added to the rations. Feed efficiency was significantly 
improved by increasing protein levels for both the first two-week and the 
four-week test periods. 
A subsequent limited investigation revealed that baby-pig gains on 40 per 
cent protein were less than those made by pigs on 30 per cent protein. Pigs 
fed 40 per cent protein and 20 per cent fat required less feed per pound of 
gain than those fed 30 per cent protein and 10 per cent fat. 
When three sources of protein and five levels of each were studied, the 
results showed that the baby pigs fed dried skimmilk as the source of protein 
made significantly greater gains than those fed Drackett C-1 Assay protein or 
50 per cent solvent soybean oil meal for both the first two-week and the four-
week test periods. The gain differences between levels within sources of 
protein were found to be statistically nonsignificant. 
Less feed was required per pound of gain by the pigs fed dried skimmilk 
as a source of protein than was required by the pigs fed Drackett C-1 Assay 
protein or 50 per cent solvent soybean oil meal. For both the first two-week 
and the four-week test periods, the differences between the animal and plant 
sources of protein were shown to be statistically significant. The pigs fed 50 
per cent solvent soybean oil meal showed a statistically significant improve-
ment in feed efficiency over those fed Drackett C-1 Assay protein for the 
four-week test period. As with gain, the feed efficiency differences between 
levels, within sources were shown to be statistically nonsignificant. 
Depletion-Repletion Studies 
Ninety-six baby pigs were used in three experiments designed to evaluate 
the protein depletion-repletion technique as a method for determining the bio-
logical value of protein sources for baby pigs. 
Results of the first experiment showed that baby pigs could be successfully 
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sustained on a protein-free diet for a period of one week. (A subsequent ex-
periment showed that the baby pig could be successfully sustained on aprotein-
free diet for a two-week period.) When the pigs were protein repleted for 
seven days, greater gains and feed efficiencies were made by the pigs repleted 
with dried skimmilk than we re made by those repleted with 50 per cent solvent 
soybean oil meal with or without 0.1 per cent DL-methionine. 
Dried skimmilk was selected as the source of protein for establishing the 
optimum level of protein for the protein repletion of baby pigs which were 
previously fed a protein-free diet for one week. Of the levels tested (12 to 22 
per cent), maximum repletion gains were made by the pigs fed 22 per cent 
protein and minimum gains were made by those repleted with 12 per cent pro-
tein. Generally, repletion gains increased linearly from 12 to 22 per cent 
protein (the linear regressicn component of treatment effects was statistically 
significant). A similar trend was observed in the feed require<\ per pound of 
repletion gain. However, maximum feed efficiency was shown by the pigs 
repleted with 20 per cent protein. 
Since repletion gains increased linearly from 12 to 22 per cent protein, 
these protein levels were expanded over a wider range in order to determine 
the level of protein at which maximum repletion gains might occur. In addi-
tion, the effects of protein depletion and. repletion on blood components were 
also determined. In contrast to the previous results, on an average repletion 
gains reached a maximum at the 18 per cent level of protein and then decreased 
on higher levels of protein. When the repletion gain data were analyzed, the 
quadratic regression component of treatment effects was shown to be statisti-
cally significant. 
The pigs repleted with 12 per cent protein required 1. 72 lbs of feed per lb 
of repletion gain as compared to 1. 33 lbs for the pigs repleted with 18 per cent 
protein. Pigs repleted with levels of protein higher than 18 per cent required 
more feed (actually only 0 .1 lb) per pound of repletion gain than those repleted 
with 18 per cent protein. For feed efficiency, both the linear and quadratic 
regression components of treatment effects were shown to be statistically 
significant. 
In this experiment, the effects of protein depletion and repletion on certain 
blood components were also studied. However, the results obtained were 
apparently masked by changes in plasma volume. If plasma volume changes 
had been determined, then it is possible that the protein source and/or levels 
might have been shown to have had a significant effect on the blood components 
studied. Changes in the albumin-globulin r;i.tio appear to be the most promis-
ing effect of protein depletion and repletion and warrant further investigation. 
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CHLORIDE CATALYSIS IN SOME REDUCTIONS BY STANNOUS ION1 
Norman Cornelius Peterson2 
Department of Chemistry 
The object of this investigation was to examine the chloride catalysis of 
stannous ion reductions of ferricinium ion (biscyclopentadienyl iron (III)) and 
of the diazo group of methyl orange. 
The reduction rates were measured spectrophotometrically at 25 •c in 
perchloric acid-hydrochloric acid solutions of ionic strength 2.0. The methyl 
orange reduction is first order in methyl orange, first order in stannous ion, 
first order in hydrogen ion, and third order in chloride ion. The reduction of 
ferricinium ion by sta.,nnous ion is first order in ferricinium ion, first order 
in stannous ion, and fourth order in· chloride ion. 
These reactions were interpreted in terms of similar mechanisms. The 
rate-determining step in the methyl orange reduction was postulated as an 
electron-transfer between the stannous trichloride complex ion and the proto-
nated azo group of methyl orange. The rate-determining step in the ferricin-
ium ion reduction was postulated as an electron-transfer between the stannous 
trichloride complex ion and the ferricinium chloride complex ion. 
The presence of small equilibrium amounts of the ferricinium chloride 
complex ion, Fe(C5H,;},Cl, in chloride solutions was established by means of 
absorption spectrophotometry. 
The additional chloride ion in the transition state in the ferricinium ion 
reduction suggests that the cyclopentadienyl rings are effective in shielding 
the iron atom from electron-transfer, and that a chloride bridge is a much 
more efficient electron-transfer path. The ferricinium-stannous reaction and 
the ferric-stannous reaction have similar rate laws, including the same order 
in chloride ion which indicates very similar mechanisms for the two reactions. 
I Doctoral thesis number 1831, submitted July 30, 1956. 
Chairman of Committee, Frederick R. Duke, Department of Chemistry. 
'S.B., Massachusetts Institute of Technology, Cambridge. 
Graduate Assistant, Industrial Science Research Institute. 
DETERMINATION OF DYNAMIC PROPERTIES OF 
MATERIAL BY WAVE PROPAGATION' 
Paul Weber Peterson2 
Department of Theoretical and Applied Mechanics 
The object of the investigation is to develop a method for predicting the 
dynamic properties of a material tising wave propagation techniques. The 
equation predicting the dynamic properties is developed in terms of stress, 
rate of strain, strain level, and the velocity of propagation of the leading edge 
of the strain wave. From this prediction equation, a stress-strain diagram 
for the desired rate of strain can be developed. 
1Doctoral thesis number 1884, submitted February 28, 1957. 
Chairman of Committee, Glenn Murphy, Department of Theoretical and 
Applied Mechanics. 
2s.s.; Iowa State College, Ames. M.S., ibid. 
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The analysis is made for a material having nonlinear stress-strain rela-
tionships, In the analysis, the strain wave traveling through the material is 
considered to be a single pulse the leading edge of which is assumed to· be 
linear. The analysis is extended to include a material having linear stress-
strain relationships as well as for a strain pulse of any shape. 
An experimental technique is developed by which quantities appearing in the 
proposed prediction equation can be evaluated. The experimental technique 
is applied to a rubber test specimen, and the pulse mechanism used in the 
experimental investigation develops a strain pulse which has a linear leading 
edge. In order that a rubber test specimen might be used in the experimental 
investigation a flexible strain gage is developedand a method is also developed 
by which the flexible strain gages can be calibrated. 
In the experimental investigation, the observed rates of strain were high 
(250 per cent per sec) and the observed levels of strain were low (500 micro-
in per in). The low levels of strain and the high rates of strain made it diffi-
cult to obtain experimental data to confirm the predicted values of stress. A 
method is proposed by which experimental data can be obtained to check the 
predicted results. 
The stress-strain characteristics evaluated from the developed prediction 
equation appear to be consistent with the results obtained by other investiga-
tors, and the method of approach used to obtain the prediction equation is con-
sistent with known wave propagation fundamentals. 
EFFECT OF PARTICLE SHAPE ON FLUIDIZATION 
AND HINDERED-SETTLING1 
Alden Fredrick Presler2 
Department of Chemical Engineering 
A modification of the original Ruth theory for fluidization and hindered 
settling of spheres was derived for treating the relative motion of fluids and 
expanded aggregates of nonspherical solids. The modified theory retained 
the original Ruth assumption that the forces resisting the motion of a particle 
within an aggregate are the Stokes' law force acting on a single particle plus 
a frictional force analogoug to that experienced by a fluid passing through a 
compacted bed of particles. This expression for the average relative velocity, 
u', is 
u' 
The 1 + Fp term is a correction to the Stokes' law resistance for both turbu-
lence and particle shape effects. · 
Ruth suggested that the l + F p term had the form {l + F 8 )/ .,ff, where 1 + F s 
was a turbulence factor for spheres to c.Orrect Stokes' law, and cp was the 
particle sphericity. Ruth obtained the values of 1 + F s from the data of Petty-
john and Christiansen. ·· 
An alternate expression for the 1 + Fp term, in which the turbulence and 
particle shape effects are separated, was used in this work and it had the 
IDoctoralthesis number 1873, submitted December 14, 1956. 
Chairman of Committee, D.R. Boylan, Department of Chemical Engineering. 
2B. S., Iowa State College, Ames. M. S., ibid. . 
Graduate Assistant, Engineering Experiment Station. 
242 ABSTRACTS OF DOCTORAL THESES, 1956-57 
form 1 + Fp = (1 + F p)S f(Re), wh.ere (1 + F p)s is a shape factor modeled 
after an ellipsoidal shape factor. Since the correction factor (1 + F p)s for 
ellipsoids can be calculated by means of the Oberbeck integrals, it can also be 
computed for nonspherical particles by assuming that the particle is triaxial, 
and similar to an ellipsoid. The f(Re) term was determined empirically from 
the data of Malaika and Pramanik. 
The sphericity of Raschig rings, Berl saddles, and groups of 5 mm and 3 
mm spheres arranged into chains and pyramids, was determined experiment-
ally from free fall studies of these particles in two fluids having viscosities of 
2 and 2000 poises. The experimental sphe ricities did not check closely the 
theoretical sphericity for these particle types and the variation was quite large 
for a given particle. It was concluded that sphericity is not a good shape 
factor. 
The ellipsoidal shape factor (1 + F p)s for galena, magnesite, and mica 
minerals was computed from the three dimensions of the triaxial particles. 
The particle dimensions were obtained by direct measurement. It was shown 
from measurements that the average particle dimension ratios were essen-
tially constant. It was also shown that the ratio of the average intermediate 
dimension to the average screen opening was essentially constant. 
The galena, magnesite, and mica ore were crushed and screened into half-
mesh Tyler screen sizes. The screened samples were cleaned of fines and 
gangue in a water elutriator column. 
The experimental apparatus was designed so that both fluidization and per-
meability tests could be run in sequ\'nce on a given sample. 
The specific surfaces of the particles were determined from permeability 
tests. The mica specific surfaces were less accurate than the magnesite or 
galena because or compaction of the bed during the tests. Permeability data 
were correlated by the method of Ergun. 
Fluidization and hindered settling tests were made on the galena and mag-
nesite in the size ranges greater than 80 mesh. The data were correlated by 
the modified Ruth equation. From these data the Kozeny number Ke(l + Fke) 
was determined. A composite plot of the fluidization and hindered settling 
Kozeny number versus the modified Reynolds' number, 4u p/µ (1 - e )S, showed 
that the effect of nonspherical particle shape was to make the term Ke(l + Fke) 
essentially independent of the Reynolds' number for completely fluidized beds. 
Nonspherical Ke(l + Fke) values were somewhat higher than the value of 2. 5 
found by Loeffler for spheres in the viscous region. 
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INFLUENCE OF VAR YING PROTEIN AND CALORIC LEVELS UPON THE 
STILBESTROL RESPONSE"s IN FATTENING LAMBS AND CATTLE1 
Rodney LeRoy Preston• 
Department of Animal Husbandry 
In the feeding of cattle and lambs, considerable use is made of roughages 
in the form of range grass, pasture, silage, and hay. In order to provide a 
desirable meat product, most of these cattle and lambs are fed for a period of 
time on rations high in concentrates just prior to slaughter. It has been esti-
mated that approximately 80 per cent of the total cost of feeding cattle and 
lambs is accounted for by feed costs. Thus, any practice which will help in 
reducing feed costs will materially increase the over-all profits in cattle and 
lamb production. It has been previously shown that the administration of 
diethylstilbestrol (stilbe strol), either orally or by implantation, will greatly 
enhance the gains and feed efficiency of lambs and cattle during this finishing 
period. It was the purpose of the work reported in this thesis to study the 
influence of the ration, that is the caloric and protein level of the ration, upon 
the etilbestrol responses of lambs and cattle, including gains, feed efficiency, 
and carcass quality. 
A total of 246 individually fed wether lambs and 72 group fed steer calves 
were included in the studies. The lambs were fed in four separate experi-
ments and the cattle in one experiment. Stilbestrol was orally administered 
to these animals by incorporation into rations which varied in their caloric 
and protein levels. 
It was found that the feeding of stilbestrol will increase gains of both cattle 
and lambs on rations which were low, adequate, or high in protein. Gains 
made by lambs were stimulated to a greater degree by stilbestrol on high 
energy compared to low energy rations. Feed efficiency was affected in a 
manner similar to the gains. Dressing per cent and cooler shrink were not 
consistently affected by stilbestrol. Carcass grades were generally increased 
by increasing the protein or caloric intake, and only slightly decreased by the 
feeding of stilbestrol. Carcass fatness, as measured by separable fat and fat 
analysis of the longissimus dorsi muscle revealed that the effect of stilbestrol 
upon these measurements was dependent upon the energy-protein ratio of the 
ration. When this ratio was wide, the feeding of stilbestrol caused an increase 
in these fat content measurements, whereas, when the ratio was narrow, the 
leanness of the car~ass was increased. 
"other data collected in the lamb experiments included the weights of sever-
al organs and glands, and the serum concentration of glucose and amino acid 
nitrogen. It was found that the weight o£ the anterior pituitary, kidneys, and 
liver was increased by the feeding of stilbestrol, whereas the weight of the 
adrenal glands was only slightly increased and the thyroid weight was not 
affected. Serum amino acid nitrogen values were slightly decreased and the 
serum glucose values increased by the feeding of stilbestrol. The relationship 
of these findings to the possible mode-of-action of stilbestrol in ruminant 
animals is discussed. 
!Doctoral thesis number 1927, submitted June 6, 1957. 
Chairmen of Committee, Wise Burrough, Department of Animal Husbandry, 
and E.A. Hewitt, Department of Veterinary Physiology and Pharmacology. 
"B. S., Colorado College of Agriculture and Mechanic Arts, Ft. Collins, 
M.S., Iowa State College, Ames. Instructor. 
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EFFECT OF INCOME, FLUID MILK PRICES, AND RACE 
ON CONSUMPTION OF FLUID MILK AND FLUID 
MILK SUBSTITUTES IN THE URBAN SOUTH1 
Joseph Carroll Purcell2 
Department of Economics and Sociology 
The primary objective of this study was to estimate the effect of income, 
fluid milk prices, and race on the consumption of fluid milk and fluid milk 
substitutes (canned and dried milk) in the urban Southeast. A supplementary 
objective was to evaluate the use of cross-sectional data in estimating price 
elasticities and cross elasticities of demand. 
Data pertaining to the consumption of fresh fluid milk, canned and dried 
milk, income, race, and household size and composition were obtained from 
1, 365 households located in 12 southeastern cities. Cities were purposely 
selected in order to obtain a range in fluid milk prices with otherwise com-
parable cities. Households within cities were randomly selected. 
Single-equation models were employed in the analysis. Least-squares 
multiple regression equations were used in the initial analysis to "stimate the 
effect of income, fluid milk prices, race, and household size and composition 
on the consumption of both fluid milk and fluid milk substitutes. The data 
were analyzed for all households combined, and for white and colored house-
holds separately. Results of the multiple regression analysis were used to 
obtain average consumption by cities adjusted for differences in income, race, 
and household size and composition. Simple regression equations, with data 
converted to logarithms, were employed in the analysis of data by cities in 
order to obtain estimates of average price elasticities and cross elasticities. 
Relationships between income and the consumption of fluid milk and fluid milk 
substitutes at various levels of income were estirra ted from the multiple 
regression equations for all households combined, and for white and colored 
households separately. 
Consumption of both fresh fluid milk and fluid milk substitutes exhibited 
considerable variability among house\lolds. Thus it was possible to explain 
only a relatively small proportion of this variability by the single equation 
models employed. 
Household consumption of fresh fluid milk increased significantly with in-
creased income, but the effect of income on fluid milk consumption diminished 
as income increased. The estimated effect of a unit increase in the logarithm 
of monthly income (in dollars) on fluid milk consumption was an increase of 
3. 74 quarts per week for all households, 3. 95 for white households separately, 
and 2. 98 for colored households separately. However, the estimated income 
elasticities of demand for fluid milk were slightly larger for the colored house-
holds than for the white households. A significant negative relationship was 
exhibited between household consumption of fluid milk substitutes and income. 
A separate analysis by races indicated a highly significant ·negative relation-
ship between income and consumption of fluid milk substitutes for white house-
holds, but a nonsignificant relationship for colored households. 
A negative relationship was exhibited between prices and consumption of 
fluid milk. The effect of price on consumption was not significant in multiple 
regression equations including race as an independent variate. A significant 
relationship was obtained in a separate analysis for white households, but a 
nonsignificant relation'ship was obtained for colored households. Price analysis 
'Doctoral thesis number 1878, submitted December 17, 1956. Chairman of 
Committee, G. Shepherd, Department of Economics and Sociology. 
2B.S., Iowa State College, Ames. M.S., ibid. 
Graduate Assistant, Agricultural Experimeni-station. 
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by cities indicated the possibility of a more elastic (in the range of -2. 0 to 
-3.0) demand for fluid milk than has generally been concluded from time 
series and market data studies. The statistical evidence was, however, not 
conclusive. Analysis of cross-sectional data, with careful selection of the 
markets, offers considerable potential toward a better understanding of the 
price elasticity of demand for fluid milk. 
A highly significant positive relationship was exhibited between the con-
sumption of fluid milk substitutes and the prevailing prices for fluid milk. 
Highly significant cross price elasticities of the demand for fluid milk substi-
tutes were obtained with pi;ices of fluid milk as the independent variate. In a 
separate analysis by races, the relationship between prevailing prices for 
fluid milk and consumption of fluid milk substitutes was highly significant for 
white households but nonsignificant for colored households. Analysis of ad-
justed household consumption of fluid milk substitutes and prices of fluid milk 
by cities indicated an average cross price elasticity of demand for fluid milk 
substitutes of 1.46. 
White households consumed 3.64 quarts more fresh fluid milk per week 
than colored households in addition to differences in household income, size, 
and composition. The effect of race on fluid milk consumption was highly 
significant. Colored households consumed more fluid milk substitutes than 
white households but the race effect was not significant. 
Three age groups--children under four years of age, children four to 18, 
and adults--were included in the composition of households. The effect of 
the number of persons in households on. consumption of fluid milk was highly 
significant for all age groups for all households and for white households. A 
·separate analysis for colored households indicated that children four to 18 
did not have a significant effect on household consumption of fluid milk. The 
effect of two age groups--children under four and four to 18--on household 
consumption of fluid milk was significantly less for colored households than 
for white households. 
The effect of the number of persons in households on consumption of fluid 
milk substitutes was highly significant for all age groups for all households 
and for white households. A separate analysis for colored households indicated 
that adults did not have a significant effect on household consumption of fluid 
milk substitutes. Children under four years of age had a significantly greater 
effect on household consumption of fluid milk substitutes than did either chil-
dren four to 18 or adults for both white and colored households. 
Household consumption of fluid milk was positively associated with con-
sumption of milk away from home by members of the household. The rela-
tionship was highly significant. Combined household consumption of bottled 
skim milk, buttermilk, and chocolate milk was not significantly associated 
with consumption of fresh whole fluid milk. Consumption of fluid milk away 
from home was not significantly associated with household consumption of 
fluid milk substitutes. Combined household consumption of bottled skim milk, 
buttermilk, and chocolate drink was not significantly associated with household 
consumption of fluid milk substitutes. 
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SOME REACTIONS OF PHENOTHIAZINE AND ITS DERIVATIVES1 
Ralph Oliver Ranck2 
Department of Chemistry 
Phenothiazine and many of its derivatives are useful as chemotherapeutic 
agents and antioxidants while others have shown great potential in these and in 
other fields. It was the purpose of this study to prepare new derivatives of 
phenothiazine for evaluation of their biological activity and as possible liquid 
solution scintillators. Their value as scintillators is part of a general pro-
gram designed to correlate chemical constitution with scintillation activity as 
well as to find a good scintillator (1 ). 
Since compounds containing the boron isotope 10 have been found to be of 
interest in brain tumor therapy with azo boronic acids showing the greatest 
possibilities (2), both boronic acid and azo boronic acid derivatives of pheno-
thiazine were proposed. Some compounds of these types not containing the 
phenothiazine nucleus were prepared in order to gain experience in synthesiz-
ing and purifying such materials. These were submitted for testing (3). 
Because many N-substituted phenothiazine derivatives can be prepared in 
only low or intermediate yields, some new or improved techniques were in-
vestigated in order to overcome this deficiency. This phase of the study was 
also extended to some of the oxidation reactions. 
N-substitution can be accomplished by a number of methods. These include 
reaction between phenothiazine and an organohalide in a sealed tube; reaction 
between phenothiazine and an organohalide in the presence of an alkaline con-
densing agent and copper powder, both with and without a solvent; and reaction 
between 10-sodiophenothiazine and an alkyl halide in liquid ammonia. 
The use of a greater concentration of 10-sodiumphenothiazine in liquid 
ammonia than has been reported previously (4) was found to be advantageous 
for the preparation of 10-allyl- (b.p. 165-170°/0. 7 mm, 92 per cent), 10-ethyl-
(m.p. 102.5-104°, 99 per cent), 10-(n-decyl)- (b.p. 175-180°/0.5 mm, 84 per 
cent), and 10-(n-octadecyl)phenothiazine (m.p. 52-52.5°, 12.9 per cent). Al-
though this last yield is quite low it is very significant since previous attempts 
to prepare this material in liquid ammonia failed (5). The alkyl bromide was 
used in each of these preparations except the first, in which case allyl chlor-
ide was utilized. 
The preparations of 10-( ~ -phenylethyl)phenothiazine and 10 -( ~ -phenylpro-
pyl)phenothiazine in liquid ammonia using (2-chloroethyl)benzene and (3-chlo-
ropropyl}benzene, respectively, were only partially successful, material which 
could not be purified being isolated in each case. The attempted preparation 
of 10-(tripl:ienylmethyl)phenothiazine from triphenylmethyl chloride in liquid 
ammonia gave an unidentified material while no 10-(2-pyridyl)phenothiazine 
could be obtained by reacting 2-chloropyridine with 10-sodiophenothiazine in 
liqhld ammonia. 
10-(n-Decyl)phenothiazine (b. p. 1 75-180 • /0. 5 mm), 10-(n-octadecyl)pheno-
thiazine (m.p. 53-54°) and 10-(o-bromobenzyl)-phenothiazine (m.p. 90-92') 
were prepared in yields of 87 pe;' cent, 90 per cent, and 88 per cent {somewhat 
impure), respectively, by treating 10-sodiophenothiazine with the appropriate 
bromo compound (chloro in the case of the o-bromobenzyl derivative) in tetra-
hydrofuran. Attempts to extend this technique to the preparation of other N-
substitutedphenothiazines using iodobenzene, ~-iodonitrobenzene, E,-iodonitro-
benzene, 2-bromopyridine, 2-chloroquinoline, triphenylmethyl chloride and 
E,-nitrobenzyl bromide were unsuccessful. 
lDoctoralthesis number 1891, submitted March 12, 1957. 
Chairman of Committee, Henry Gilman, Department of Chemistry. 
"B. S., Bucknell University, Lewisburg, Penna. M. S., Purdue University, 
Lafayette, Ind. Graduate Assistant, Institute for Atomic Research. 
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Several N-substituted phenothiazine derivatives were prepared success-
fully by heating phenothiazine and a halogen compound in the presence of 
sodium carbonate and copper powder. 10-Phenylphenothiazine (m.p. 94.5-
95. 5 •, prepared from iodobenzene), 10-(e_-biphenyl)phenothiazine (m.p. 174-
1 78", prepared from £_-bromobiphenyl), E_-bis(lO-phenothiazinyl)benzene (m.p. 
253-255 •, prepared from p-diiodobenzene), 10-(2-pyridyl)phenothiazine (m.p. 
109-110 •, prepared from -2-bromopyridine), and 10-(2-quinolyl)phenothiazine 
(rn.p. 126-128", prepared from 2-chloroquinoline) were obtained in yields of 
77 per cent, 57. 5 per cent, 70 per cent, 62 per cent, and 43 per cent, in that 
order. 
E.• .e.'-Bis{lO-phenothiazinyl)biphenyl was prepared in a similar manner from 
p, p'dibromobiphenyl to give material decomposing at 300 • (18 per cent). This 
could not be purified satisfactorily. An attempt to make 10-(4-(7-chloroqui-
nolyl)] -phenothiazine from 4, 7-dichloroquinoline was unsuccessful due to the 
excessive sublimation of the halogen compound during heating. 
Boron trifluoride complexes of phenothiazine and 10-(2-pyridyl)phenothia-
zine were prepared by treating the parent compound with boron fluoride ethyl 
ether in benzene. The first of these was quite unstable to atmospheric condi-
tions and melted at 158-160 • while the second one was quite stable and melted 
at 305-310°. The exact yields were not determined in either case. 
Many of the N-substituted phenothiazines were oxidized to the sulfoxides 
and sulfones using 30 per cent hydrogen peroxide in refluxing ethanol for the 
former and 30 per cent hydrogen peroxide in hot glacial acetic acid for the 
latter. In the preparation of the monoxides a higher concentration of reactants 
than has been reported previously (6)was found to be of value. 10-(!:-Decyl)-
(m.p. 97-98", 93 per cent), 10-ethyl- (m.p. 161-162", 97 per cent), 10-(!:-
octadecyl)- (m.p. 95-96", 96 per cent), 10-(2-pyridyl)- (m.p. 158.5-159.5", 
69 per cent), and 10-phenylphenothiazine-5-oxide (m.p. 172-173°, 100 per cent) 
were prepared. 
The sulfones of each of these compounds were also prepared with the fol-
lowing melting points and yields being obtained: 10-(!:-decyl)- (95. 5-96. 5°, 
67 per cent), 10-ethyl- (m.p. 161-162", 80 per cent), 10-(!:-octadecyl)- (93-
93.50, 91.5 per cent), 10-phenyl- (211-211.5°, 87 per cent), and 10-(2-pyri-
dyl)- (180-181°, 57 per cent). This last compound was prepared by reduction 
of 10-(2-pyridyl)phenothiazine-l ', 5, 5-trioxide using iron in hot glacial acetic 
acid. The trioxide (m.p. 232. 5-234°) was initially formed in 80 per cent yield 
by oxidizing 10-(2-pyridyl)phenothiazine with 30 per cent hydrogen peroxide 
in glacial acetic acid using the method employed by Ochiai (7) for the prepar-
ation of pyridine-1-oxide. 
Some nuclear substituted phenothiazine derivatives were also prepared. 
These include 3-chloro-10-ethylphenothiazine (m.p. 116-117°, 81 per cent) 
and 3-bromo-10-ethylphenothiazine (m.p. 123-124°, 80 per cent) prepared by 
the reductive halogenation (8) of 10-ethylphenothiazine-5-oxide using hydro-
chloric acid and hydrobromic acid, respectively. When 10-.(!:-decyl)-pheno-
thiazine-5-oxide was treated with aqueous hydrochloric acid in a similar way, 
a 6 per cent yield of impure 3-chloro-10-(!:-decyl)phenothiazine (m.p. 153-
1630) was obtained. This could not be purified further. 
10-Ethyl- (180.5-181.5°, 55 per cent) and 10-(!:-decyl)-phenothiazine-4-
carboxylic acid (m.p. 128-129°, 32 per cent) were prepared by the reductive 
metalation with n-butyllithium of the appropriate N-substituted-5-oxide fol-
lowed by carbonation. The n-decyl derivative was also converted to the sodi-
um salt (m.p. 253-254°). The attempts to prepare 10-ethylphenothiazine-4-
boronic acid and 4-triphenylsilyl-10-ethylphenothiazine from 4-lithio-10-ethyl-
phenothiazine by reaction with tri-n-butyl borate or triphenylchlorosilane 
were unsuccessful. Likewise, the attempts to prepare the corresponding 3-
substituted derivatives were unsuccessful. For these, 3-lithio-10-ethylpheno-
thiazine was treated with tri-n-butyl borate and 3-bromo-10-ethylphenothia-
zine was treated with triphenylsilyl potassium. 
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The use of n-butyl alcohol as a catalyst in the metalation of 10-ethylpheno-
thiazine was found to be of no value. 
All of the phenothiazine derivatives that were tested as liquid solution 
scintillators (1) had a value of 0. 12 or less as compared to a value of 1 for the 
standard, 2, 5-diphenyloxazole. These were measured in toluene using a 
concentration of 3. 0 g/liter. Those tested were 10-phenyl-, 10-allyl-, 10-
(2-pyridyl)phenothiazine and p-bts (10-phenothiazinyl)benzene; l O-phenylpheno-
thiazine -5-oxide and -5, 5-dioxide; and 10-(2-pyridyl)phenothiazine-5-oxide, 
-5, 5-dioxide, and -1 1 , 5, 5-trioxide. 
Several simple boronic acids were prepared by treating the organolithium 
compound with tri-n-butyl borate. o-Hydroxybenzeneboronic acid anhydride 
(m.p. 180-183 •, p';epared from o-bromophenol), m-hydroxybenzeneboronic 
acid anhydride (m. p. 215-225 • dee., prepared fro~ m-bromophenol), 2-hy-
droxy-5-naphthaleneboronic acid (m.p. 225-250°, pre;.;.red from 6-bromo-2-
naphthol) and p-dimethylaminobenzeneboronic acid anhydride (m.p. 230-275°, 
prepared fro,.;-p-bromodimethylanaline) were obtained in yields of 55. 5 per 
cent, 31 per cent, 44 per cent, and 30 per cent, respectively. n-Butyllithium 
was used in all of these experiments except the last which employed lithium. 
An attempt to prepare ~-hydroxybenzeneboronic acid 2~nhydride from 2-(:!:-
bromophenoxy)tetrahydropyran (b.p. 115°/0.4 mm, no 1.5504, d~g 1.3952, 
prepared from m-bromophenol and dihydropyran in -75 per cent -yield) with 
n-butyllithium a-;:;-"d tri-n-butyl borate was unsuccessful. 
- When o-bromodimefuylaniline was treated with lithium and then tri-n-butyl 
borate a compound melting at 85-87° and believed to be a complex between 
dimethylaniline and boric acid resulted. 
1-Butaneboronic acid (m.p. 90-92°) was prepared in 60 per cent yield fol-
lowing an established method (9). 
The o-hydroxybenzeneboronic acid anhydride was coupled with a number of 
diazoni;:;-m salts to give azo boronic acids. 2-Hydroxy-5-{£.-bromophenylazo)-
benzeneboronic acid anhydride (m.p. 350-355°, prepared from _F-bromoani-
line), 2-hydroxy-5-~-nitrophenylazo)benzeneboronic acid anhydride (m. p. 
228-230°, prepared from o-nitroaniline) and 2-hydroxy-5-(phenylazo)benzene-
boronic acid anhydride (m-:p. 236-238°, prepared from aniline) were obtained 
in yields of 20 per cent, 19.5 per cent;' and 31 per cent, respectively. Purifi-
cation was best accomplished by recrystallization from ethylene chloride. 
The dye, p-{3-borono-4-hydroxyphenylazo)benzoic acid, made by coupling o-
hydroxyb;;-nzeneboronic acid anhydride with diazotized _l?-aminobenzoic acid 
could not be purified successfully. The dye made from diazotized sulfanilic 
acid and o-hydroxybenzeneboronic acid anhydride was crystallized from water 
to give a "'i"naterial melting above 400 ° which has not been definitely character-
ized. 
The cleavage of benzeneboronic acid with n-butyllithium followed by car-
bonation gave either 1-butaneboronic acid, be~zene, or benzoic acid depending 
upon the temperature of the reaction. When the reaction was run at either 
room temperature or reflux for 20 minutes, 1-butaneboronic acid and benzene 
were isolated. When the reaction was run at -60° for 25 minutes, benzoic acid 
and an unidentified product were obtained. When a 1. 5-hour reaction time at 
reflux was used, nothing could be isolated. 
o-Hydroxybenzeneboronic acid anhydride gave salicylic acid and an uniden-
tified material when treated with .!:-butyllithium at room temperature for 20 
minutes and then carbonated. 
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ETHANOL EXTRACTION OF COTTONSEED' 
Rama Kanth Rao2 
Department of Chemical Engineering 
One of the reasons the solvent extraction industry has not developed in 
Asiatic countries like India, China, and Japan, which produce enormous 
amounts of oilseeds, is the difficulty of obtaining a suitable solvent at a cheap 
price. The conventional petroleum and other solvents have to be imported 
and therefore become extremely costly due to high import duties and transit 
charges. The best way out appears to be the use of an indigenous solvent, 
which could be obtained cheaply. 
Among the solvents produced in plenty in Asia is ethyl alcohol, which is 
available at about half the price of the imported solvents. It is known to be a 
good solvent for vegetable oils and is bound to become a very popular solvent 
in Asiatic countries if an economical process for its use is worked out. 
Solubility data available in literature are quite favorable for the use of 
aqueous ethanol as a solvent for extracting all of the commonly used vegetable 
oils like corn, cottonseed, peanut, sesame, and soybean oils. However, this 
project pertains to the study of cottonseed oil extraction only. 
The main objectives of the project were to determine the feasibility of ex-
tracting cottonseed directly using aqueous ethanol as a solvent; to test the 
adaptability of the Iowa State College extractor for the above purpose and to 
devise necessary modifications to it; to determine the optimum operating 
conditions for the alcoholic extraction of cottonseed; and to evaluate the 
economics of the process. 
Laboratory extraction rate studies were carried out in a glass apparatus 
to determine the effect of temperature, moisture content of flakes, and the 
effect of temperature, moisture content of flakes, and the concentration of 
aqueous ethanol on the residual extractables for the e.xtraction of cottonseed 
flakes by aqueous ethanol. 
Pilot plant extractions of cottonseed flakes by aqueous ethanol were carried 
out in a small unit, similar to the commercial soybean oil extraction plant 
developed and patented by Iowa State College, to determine the effects of 
.operating variables and the optimum operating conditions. 
'Doctoral thesis number 1890, submitted March 11, 1957. 
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Both laboratory and pilot plant extraction studies have shown that direct 
extraction of cottonseed using aqueous ethanol as a solvent is a feasible pro-
cess and the optimum operating conditions for it have been established in the 
pilot plant unit. 
Based on the results obtained in the pilot plant, it appears likely that the 
present Iowa State College extractor can be adopted, with some modifications, 
for the ethanol extraction of cottonseed. These modifications are discussed. 
Pilot plant extractions have shown that in this process a prime quality 
crude oil and light colored meal of excellent quality with negligible free gos-
sypol content are obtained. 
Based on the data available in literature an economic cost study for a 
50-tons-per-day commercial plant indicated an annual return on investment 
of 8. 7 per cent. 
CHEMICAL EFFECTS OF PHOTONUCLEAR REACTIONS 
IN THE PROPYL BROMIDES1 
Albert Edward Richardson2 
Department of Chemistry 
In the field of research involving the chemical effects of nuclear reactions, 
more commonly known as "hot-atom" chemistry, there have been relatively 
few investigations comparing the effects which result from different nuclear 
reactions in a given system. In the present work chemical effects resulting 
from photonuclear reactions in the propyl bromides have been observed and 
compared with those resulting irom the (n, y) and isomeric transition modes 
of activation. 
In order to obtain reproducible results in liquid irradiations it has been 
necessary to slightly extend previously reported purification techniques. Such 
techniques, which have been designed to remove slight traces of olefinic im-
purities, did not appear adequate for the purpose in the present studies. An 
extra step, in which bromine was added to the propyl bromide and the mixture 
allowed to stand overnight, seemed to remove the last traces of olefins. 
The 65 Mev Iowa State College synchrotron was the source of the high 
energy y-rays used. Propyl bromide samples were irradiated in a Pyrex 
tube which was immersed in a Dewar flask. The irradiation temperature 
could be controlled by the addition of the appropriate liquid or liquid-solid 
mixture to the Dewar. 
The x-ray fluxes associated with these y-rays were in the range of 300 to 
1000 roentgens per minute, but several aspects of the data appear to discount 
any appreciable radiation damage. Work of other investigators has shown that 
the fluxes involved in the present investigation should not cause a noticeable 
amount of radiation damage in the propyl bromides. 
After irradiation the propyl bromide was shaken with an aqueous Na2S03 
solution containing small amounts of NaBr and H,AsO, as carriers for the 
bromine and arsenic activities produced byphotonuclear reactions on bromine. 
In the shaking process all inorganic bromine was extracted into the aqueous 
layer, while the organically bound bromine was left behind in the propyl 
bromide layer. The resulting aqueous and organic samples were counted to 
determine the total organic retention. 
!Doctoral thesis number 1844, submitted September 13, 1956. 
Chairman of Committee, Adolf F. Voigt, Department of Chemistry. 
ZB.S., University of Nevada, Reno. 
Research Assistant, Institute·for Atomic Research. 
ABSTRACTS OF DOCTORAL THESES, 1956-57 251 
When it was desired to determine relative yields of various organic pro-
ducts containing radioactive bromine, a portion of the propyl bromide from 
which the inorganic bromine had been extracted was added to a mixture of 
seven compounds ranging in complexity from ethyl bromide to trimethylene 
bromide. These compounds were then fractionally distilled in a five-foot 
helix-packed distillation column. The higher boiling compounds were taken 
over at reduced pressures. The column proved adequate to separate enough 
of each compound for counting in better than 9 5 per cent purity. All counting 
was done in liquid G.M. counting tubes with 5 to 7 ml annular jackets. The 
counting rates of various samples were corrected for radioactive decay and 
liquid density and the percentage yields were calculated. 
Five radionuclides have been observed in the present investigation. These 
are produced by the following nuclear reactions: 
Br81 (y,n)Br80m, Br79(y,2n)Br77, Br79(y,3n)Br76, Br79(y,cxn)As 74, and 
81 76 Br (y. cxn)As . 
Gross curves were analyzed into the above component activities. The photo-
nuclear reactions to produce Br 77 and Br 76 have not previously been reported 
in the literature. The reaction Br81 ( Y• ex )As 77 which was previously reported 
was not here observed. 
Four ( y, n) runs on liquid n-propyl bromide which had been extensively 
purified gave a Br80m retention of 47.4 t 0.9 per cent, compared to a Br80m 
retention of 34 per cent by (n, y) activati-;;n. The ( y, n) value for iso-propyl 
bromide was 36 per cent which is higher than the reported 30 per cent (n, y) 
retention value. The ( y. n)Br80m retentions in solid n-propyl and iso-propyl 
bromides at -196 'C were found to be 85 and 96 per cent, respectively, com.-
pared to the respective values of 78 and 83 per cent previously reported for 
the (n,y )Br80m reaction. These solid state results are in opposition to the 
initial recoil energy hypothesis postulated by Libby and coworkers. 
The scavenging effects of bromine andcx·, l!-dibromoethylene which were 
noted in liquid n-propyl bromide for the Br8l(y,n)Br80m mode of activation 
indicate a breakdown of reactions as follows: 25 per cent, nonthermal organic; 
22 per cent, thermal organic; 28 per cent, thermal inorganic; and 25 per cent, 
nonthermal inorganic. The respective values for the (n, y) reaction have been 
reported to be 22, 12, 26, and 40 per cent. 
Scavenger effects seem also to have occurred in crystalline propyl bromides 
at -196°C, providing evidence that thermal reactions occur in the pseudo-
liquid volume which is produced in the solid around the recoil atom as it loses 
its energy to the solid medium. 
Irradiated samples of the propyl bromides were fractionally distilled to 
determine the percentage yields of many of the organic products formed as a 
result of the photonuclear production of Br80m. The yields in the solid state 
show a very striking similarity to those for the Br81 (n, y )Br82 activation. In 
the liquid state there are noticeable increases in yields of compounds as the 
result of the breakage of C-C bonds and in the yield of propylene bromide. 
The yield of parent compound in liquid n-propyl bromide containing 4. 7 mole 
per cent added Br2 is only 8. 8 per cent compared to a yield of 19. 8 per cent in 
pure n-propyl bromide, which indicates that a large proportion of the parent 
compound is formed by thermal reactions. In the presence of Br2 as a free 
radical scavenger very striking agreement was observed between (.y, n) and 
(n, y) activation indicating among other things that the much greater energy of 
recoil atoms following the (y,n) reaction does not increase the yield of the 
parent compound. 
The ratio of parent compound yield to total organic yield in liquid n-propyl 
bromide was found to be very nearly the same for Br 76 and Br80m. Elastic 
collision mechanisms to produce the parent compound should result in a 
smaller ratio for Br 76 than for Br80m. 
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Analysis of decay curves resulting from y-irradiation of solid n-propyl 
bromide at -196°C into BrBOm, Br 76, and Br 77 activities allowed the calcula-
tion of retention values which were respectively, 87 per cent, 67 per cent, 
and 62 per cent. The large difference in the values for BrBOm and Br 76 indi-
cates some isotope effect. The values, however, represent the results of 
only a single run and could be in error. The fact of importance here is that 
the curves can be analyzed, thus making such retention calculations possible. 
It is hoped that future investigators will check these values. 
The above results, in general, indicate some new ideas about the mechan-
ism by which BrBOm atoms re-enter combination. It appears that the initial 
recoil energy is unimportant in determining yields, except in the greater pro-
duction of radicals. The random fragmentation theory of Willard seems to be 
favored by the very close similarity of percentage yields for the (y, n) and 
(n, y) modes of activation. To be more explicit one might say that the relative 
yields of organic products are based mainly on the probabilities for the ran-
dom formation of each. Elastic collision mechanisms at energies above 10 ev 
to produce the parent compound are not important, and probably contribute to 
not more than about 3 per cent of the total retention. 
The greater production of radicals which occurs as a result of. higher 
energy recoil atoms or as the result of a change of state from liquid to solid 
probably enhances retention for two main reasons. (1) Breakage of C-C bonds 
produces organic radicals but not inorganic ones; and (2) H atoms, which are 
the primary inorganic radicals, will diffuse away much faster than their 
organic counterparts. Both of these factors would increase the probability 
of a recoil atom being captured by an organic radical and thus increase the 
retention. 
The reasons for isotope effects are not clear from the data which have thus 
far been obtained. The relative diffusion rates for the various isotopes may 
be important. Delayed y's resulting in bond rupture after a recoil atom has 
recombined may also explain retention differences for various isotopes. The 
investigations of these aspects of the field should prove quite useful in gaining 
a better understanding of the various mechanisms by which recoil atoms 
re-enter combination. 
A THEORETICAL STUDY OF THE ELECTRONIC STRUCTURE 
OF TRANSITION-METAL COMPIEXES1 
James W. Richardson2 
Department of Chemistry 
Among the many interesting chemical and physical properties of transition-
metal ions is their curious ability to exhibit two different magnetic moments 
when combined with various ligand groups. The existing hybrid orbital treat-. 
ment of these transition-metal complexes correlates the experimentally meas-
ured magnetic moments with the bond character between metal and ligand; 
that is, those complexes with the smaller moment are classed as covalent, 
using, e.g., 3d'4s4p3 octahedral hybrid metal orbitals; those with the higher 
moment are classed as ionic. A more recent suggestion is that ionic com-
plexes make use of certain high energy ("outer d") orbitals of the metal in 
I Doctoral thesis number 1834, submitted August (, 1956. 
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forming, e.g., 4s4p34d2 octahedral hybrids. As a pure theory, the hybrid 
orbital treatment is deficient in this application, since its essential ingredients 
are derived only from experiment. 
In direct contrast is the purely theor.etical crystalline field approach, 
wherein the ligands are reduced to sets of point charges and dipoles and the 
chemical bonding effects are explicitly ignored. This thoery gives a qualita-
tively correct interpretation of most observed physical properties; but even 
when adjustable parameters are introduced, it has been found impossible to 
produce quantitative agreement between theory and experiment without taking 
into account chemical bonding effects. 
A simple molecular orbital (MO) picture of these complexes has been ad-
vanced to reconcile the disparities between the crystalline field and the hybrid 
orbital approaches. In addition, the MO theory combines the computational 
features of the first with the empirical and conceptual advantages of the second. 
It is the purpose of this thesis to extend this simple MO theory by making de-
tailed quantum mechanical computations upon the electronic structures of two 
complex ions, FeF63 and Fe(NH3)t3. Two objectives were in mind: first, to 
investigate the practicality of applying modern chemical valence theories, in 
semi-empirical form, to quite complicated electronic systems; and second, to 
interpret the results of such a calculation in as general a fashion as possible, 
so that the conclusions can be extended to other transition-metal complexes. 
In order to pursue the problem further, it was deemed necessary to devise 
better metal atomic orbitals than those afforded by the usual Slater approxi-
mations. These better orbitals were obtained by a systematic curve-fitting 
technique utilizing the few Hartree functions available in this region of the 
periodic table. 
A semiempirical theory was devised, based upon Roothaan's self-consistent 
field MO computational procedures and Mulliken'• approximations for certain 
molecular integrals. Only valence-shell atomic orbitals were used in con-
structing MO's and all one-center integrals were approximated in terms of 
valence - state ionization potentials. Exchange integrals were included in pro-
per form; since there are five unpaired electrons in the complexes considered, 
differentiation was made between MO's for electrons with positive spin and 
those for electrons with negative spin. 
In the calculations for the ammonia complex, there existed some uncer-
tainty about the description of the lone-pair electrons on the ammonia mole-
cule. Two possibilities were considered, namely that the lone-pair electrons 
were either in a tetrahedral or in a 2s nitrogen atomic orbital. Neither case 
produced a satisfactory result; inspection of the problem suggested that one 
probable contributor to the discrepancy was that the assumed metal to nitrogen 
distance (1. 92 A) is too short; there exists some crystallographic evidence 
that this distance should indeed be greater. 
The calculated results for the fluoride complex were much more satisfac-
tory, both the predicted visible spectrum and the unpaired electron de.nsity 
distribution being in reasonable agreement with comparable experimental con-
clusions. According to the calculations, even in as "ionic" a complex as the 
ferrifluoride ion is presumed to be, about 35 per cent of the unpaired electron 
density is delocalized from the metal ion, in striking contradiction with the 
assumption of crystalline field theory. 
Analysis of the factors which determine the magnetic and spectral proper-
ties, as well as many of the chemical properties, reveals that the electrostatic 
effects, assumed to be of direct importance in the crystalline field theory, 
actually are o! m.uch more subtle influence. 
Rather, the results of this study indicate that there are two other factors 
of comparable importance, the first of these stems from the ove~l;.p of the 
metal and ligand orbitals, as expressed in the requirement that all wave func-
tions of the complex ion must be orthogonal. This important restriction has 
been neglected in other current work on this subject, with the result that an 
important feature of the metal-ligand interaction has been overlooked. The 
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second factor is the probable importance of the outer (extra-valence shell) 
orbitals, not only of the metal but of the ligand as well, in more precisely 
determining the energies and distributions of the magnetic electrons in all 
classes of complexes. This factor is difficult to measure, due to uncertain 
knowledge of these outer orbitals. Nevertheless, at least qualitative consid-
eration appears nee es sary. 
These two factors tend to cancel one another, so that in a number of cases 
their combined effect is roughly the s<lme magnitude as that arising from the 
coulomb factor. However, when the ligand is a neutral group, the electrostatic 
effect is much the smaller. 
As a final conclusion to this work, it is believed that the present theory is 
sufficient to define the general nature of the various metal-ligand interactions 
and the comparative magnitudes of the quantities involved. Hence, major 
profit is expected from continuing similar theoretical calculations which sug-
gest new and useful experiments as well as provide a more detailed insight 
into existing experimental data. 
A CONCEPTUAL VARIABLE ANALYSIS OF TECHNOLOGICAL CHANGE1 
Everett Mitchell Rogers 2 
Department of Economics and Socioloty 
The relationships among six conceptual variables and a dependent concep-
tual variable, technological change, were analyzed by means of the statistical 
method of multiple regression. The concept of technological change is defined 
as the degree to which an individual accepts or adopts new technological ideas 
or practices. An adoption of farm practices scale was constructed to opera-
tionally measure the concept of technological change. 
Six independent conceptual variables were analyzed as they related to 
technological change: change orientation, communication competence, status 
achievement, cohesion with the locality group, family integration, andcohesion 
with the kinship group. 
Change orientation is defined as the degree to which an individual possesses 
a favorable attitude toward technological changes. A change orientation index 
was constructed to operationally measure the concept of change orientation. 
Communication competence is defined as the degree to which an individual 
regards as credible the more technically accurate sources of information. 
Status achievement is defined as the degree to which an individual has achieved 
high social status in the social system. Indexes were constructrd to measure 
both the concepts of communication competence and status achievement. 
The concept of cohesion is defined as the degree to which an individual 
accepts the roles prescribed by a reference group. An extra-locality orien-
tation index was constructed to measure the concept of cohesion in the locality 
group. An index of kinship orientation was constructed to measure the con-
cept of cohesion with the kinship group. 
The concept of family integration is defined as the degree to which an 
individual is oriented toward optimizing rewards and satisfactions for other 
frmily members. The family integration index was developed to. measure the 
concept of family integration. 
'Doctoral thesis number 1894, submitted March 12, 1957. Chairman of 
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One of the purposes of the study was to determine the extent to which 
technological change might be predicted from the six independent variables. 
Almost l 7 per cent of the variation in the adoption of farm practices scale, 
measuring the concept of technological change, was explained by the variation 
in the six independent variables. 
Another purpose of the present study was to determine 'Mlich conceptual 
variables are the best predictors of technological change. Relationships 
significantly different from zero were found between technological change and 
the concepts of change orientation, communication competence, and status 
achievement. Relationships not significantly different from zero were found 
between technological change and the concepts of locality group cohesion, 
family integration, and kinship group cohesion. 
When the effect of the other five independent variables were controlled by 
partial correlation techniques, relationships significantly different from zero 
were found between technological change and the concepts of change orienta-
tion, communication competence, and status achievement. Relationships not 
significantly different from zero existed between technological change and 
locality group cohesion, family integration, and kinship group cohesion, 
The prediction equation was computed from which the degree of techno-
logical change for an individual might best be predicted from his scores on 
the six independent conceptual variables. 
Other sociological concepts and improved operational measures of socio-
logical concepts which might be employed in future research endeavors to 
predict technological change were suggested. An interdisciplinary approach to 
the study of technological change was proposed that would include economics, 
psychology, education, and journalism, in addition to sociology. 
THE EFFECT OF GRINDING ON THE AClDULATION OF PHOSPHATE ROCK1 
Robert Richard Rounsley2 
Department of Chemical Engineering 
An investigation was undertaken to determine the effect of grinding on the 
acidulation of phosphate rock. Bench-scale work was carried out in a one 
quart, laboratory ball mill made of stainless steel. The mill was equipped 
with a heating chamber so that the material could also be dried in the mill. 
The results from this work indicated that a normal superphosphate product 
suitable for commercial use could be obtained within an hour after the addition 
of the first acid. The product had low moisture and low free acid contents, 
and under suitable conditions, granular form. The mixing action of the balls 
resulted in good heat transfer during drying with little dq,nger of overheating 
the product. Consequently, the drying air temperature had little effect on the 
product except in the rate of production. The reaction was sufficiently rapid 
in the mill so that no preliminary grinding period was necessary before the 
drying operation was started. Low acidulation ratios resulted in low conver-
sions as in any normal superphosphate process. Low acid concentrations 
were more conducive to a rapid reaction between the rock and acid. Below an 
acid strength of about 55 per cent, however, there was no further advantage 
in dilution, 
'Doctoral thesis number 1924, submitted June 5, 1957. Chairman of 
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The favorable results of the bench-scale work led to the construction of a 
pilot plant to determine whether the process could be carried out on a larger 
scale and on a continuous basis. The process was built around a heated tube 
mill with a stainless steel lining and a feeding mechanism. Heating was in-
direct. The acid and rock were fed into one end of the mill and product taken 
from the othe r. 
Successful pilot plant operation showed that the bench-scale results could 
be duplicated on a larger scale and on a continuous or semicontinuous basis. 
Furthermore, it was demonstrated that the materials could be handled satis-
factorily in the tube mill. Plugging and other difficulties were overcome. 
Finally, an economic comparison of the process with an equivalent, stan-
dard, normal superphosphate process indicated that the quick-curing process 
was favored. Fixed capital, production cost, and working capital were esti-
mated to be less than for a conventional, normal, superphosphate process. 
The estimated return on investment for a conventional plant was 3. 8 per cent 
while the equivalent quick-curing plant gave an estimated 5. 6 per cent. 
DEHYDROGENATION STUDIES IN THE FIELD OF INDOLE ALKALOIDS1 
Dilip Kumar Roychaudhuri2 
Department of Chemistry 
Various methods of dehydrogenation have been used in the field of indole 
alkaloids, but no concentrated effort has so far been made to obtain some 
information about their preparative and stereochemically diagnostic value. 
The stereochemistry of the reductive processes used for regeneration of the 
alkaloids from their dehydro derivatives also has not been fully studied. 
Among the dehydrogenation methods already in used, two methods were 
investigated extensively. The first one, dehydrogenation by palladium-maleic 
acid (1), was used for ring C dehydrogenation of compounds containing various 
substituents in ring E. It was also observed that this type of dehydrogenation 
of epiallo compounds proceeds at an appreciably slower rate than that of their 
pseudo analogues. On the basis of this observation, 3-isoajmalicine and 
akuammigine were classified as epiallo and pseudo products, respectively. 
Tetradehydroakuammigine perchlorate wa·s shown to be identical with alston-
ine perchlorate. 
Thus, ajmalicine possesses an allo structure and tetrahydroalstonine a 
normal structure, akuarnmigine being the latter's 3-isoderivative. Conse-
quently also, serpentine (tetrahydroajmalicine) possesses a D/E cis configur-
ation and alstonine can be represented by a D/E trans stereoformula. 
The second method, oxidation by mercuric acetate (2), produced 3-dehydro 
derivatives of the alkaloids. 
Both dehydrogenation methods 'yielded 5, 6 - dehydrosempervirine from 
t.15(20) yohimbene, the latter being obtained by sodium borohydride reduction 
of sem:pervirine (3). 
Catalytic hydrogenation and sodium borohydride reduction of tetradehydro 
and 3-dehydro compounds regenerated exclusively their normal and allo pre-
cursors. Reduction of 3-dehydro normal systems be zinc and glacial acetic 
acid yielded appreciable amounts of .pseudo compounds along with the corre-
sponding normal derivatives. 
I Doctoral thesis number 1888, submitted March 11, 1957. 
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The spectral region of the C-H stretching vibration, 3. 4-3. 7µ in the infra-
red, was used to identify the stereo-configuration of the hydrogen atom at C 3 
of the alkaloids or their derivatives. All compounds possessing an a hydrogen 
at C 3, i.e., normal and allo products, exhibited two or more distinct peaks on 
the high-wavelength side of the major 3.46µ band, whe>eas those compounds 
containing a CrH ti-orientation, i.e., pseudo and epiallo products, showed 
merely shoulders on the high-wavelength side of the main peak. 
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A COMPARISON OF MICROSPOROGENESIS 
IN FERTILE AND STERILE POTATO VARIETIES1 
Allen Edward Schark2 
Department of Horticulture 
Flower development and the mo,phology of microsporogenesis was studied 
in Katahdin, a pollen fertile potato variety; Sebago, a partially pollen fertile 
variety; and B 595-76, a pollen sterile selection. 
Flower development in the potato is similar to that found in the tomato. 
The flower arises as a small rounded mass of cells. The calyx develops as a 
five-lobed marginal ring enclosing a broad convex receptacle. The stamens 
and petals appear simultaneously as upright lobes from the margin of the re-
ceptacle. The five petals alternate with the calyx segments, and the stamens 
alternate with the petals. A central vascular strand extends the complete 
length of the stamens and calyx. 
The sporogenous tissue appears in the anthers at an early stage and is 
recognized as a horseshoe-shaped area very clearly marked off from the 
surrounding tissue. Palisade-type tapetal cells are found on the outside of 
the area. On the inside of the sporogenous tissue are found large vaculated 
cells that form the inner tapetum. 
The sporogenous cells increase in size, lose much of their angular shape 
and are then recognized as the pollen mother cells. They give rise to the 
pollen grains by a reductional and equational division occurring in rapid suc-
cession. The microspores increase in size, develop thick walls and become 
the pollen grains. 
During microsporogenesis in Katahdin, the cells of the inner and outer 
tapetal layers are multinucleate and filled with cytoplasm. Vacuoles are 
found in the cells of the inner tapetum. The pollen mother cells remain dis-
tended with protoplasm and stain lightly. , 
Many of the inner tapetal cells of Sebago are slightly plasmolyzed before 
microsporogenesis. The outer tapetal layer and microsporocytes are not 
visibly effected. 
Microsporogenesis in B 595-76 is characterized by the plasmolyzed, dark 
!Doctoral thesis number 1896, submitted March 14, 1957. 
Chairman of Committee, August E. Kehr, Depa·rtment of Horticulture. 
2B.Sc., University of Idaho, Moscow. M.S., Iowa State Coll<ilge, Ames. 
Associate, Agricultural Experiment station. 
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staining cytoplasm of the pollen mother cells and by the plasmolyzed appear-
ance of the large cells that make up the inner tapetum. Plasmolysis does not 
prevent meiosis but the micro spores produced are large, fragile, and probably 
nonviable. 
It is postulated that a nutritional deficiency caused by high temperature 
exists within the anthers that affects both the cells of the inner tapetum and 
the pollen mother cells of the varieties B 595-76 and Sebago. The difference 
in degree of plasmolysis existing in the pollen mother cells of the two vari-
eties could result in complete pollen sterility in B 595-76 and a very low 
pollen fertility in Sebago. 
DEVELOPMENT OF THE PROTECTIVE STRUCTURES 
OF THE PLANT EPIDERMIS1 
Robert Harold Schieferstein' 
Department of Botany and Plant Pathology 
The use of agricultural chemicals that must gain entrance into the plant 
leaf to be effective has renewed scientific interest in plant cuticles. These 
surface coverings, being lipid in nature, restrict water loss from leaves and 
may also restrict entry of agricultural chemicals. The aims of this research 
were to determine how the cuticle was expanded during growth of the leaf, to 
determine the nature and extent of secondary cuticle thickening, and to gain 
.some insight into how these and other factors may influence the permeability 
of cuticle to water and to 2, 4-dichlorophenoxyacetic acid (2, 4-D) 
The evidence obtained supported the hypothesis that the cuticles of leaves 
which had a rapid rate of expansion were extended at unhardened zones near 
the margins of individual epidermal cells during growth of the leaf. Electron 
microscope examination showed that the cuticle of corn in the zone at the 
borders of epidermal cells had an appearance very much like that of young 
leaves still encased in the coleoptile; but dewaxed, mature leaves of corn had 
a much different surface appearance. When surface wax was wiped from 
expanding leaves of corn and Nicotiana glauca, electron micrographs of rep-
licas of the surface made two to six days later showed that surface wax was 
restricted to bands that outlined the. individual epidermal cells. Presumably 
the wax was replaced selectively on the newly formed areas of cuticle. On 
cabbage leaves wax was replaced over the entire surface. Immature appearing 
cell border zones were found on ten species which had rapidly expanding 
leaves. On three xerophytic species where the leaves or organs expand very 
slowly no border zones were found. 
It was demonstrated that even on herbaceous, annual leaves secondary 
cuticle thickening may proceed to ·such an extent that the, cuticle becomes 
anchored directly in the cellulose of the outer wall of epidermal cells. Etha-
nolamine, a pectin solvent, removed the cuticle from cabbage leaves of all 
ages except the oldest which were just beginning to turn yellow with age. 
Cellulose was detected in enzymically isolated cuticle samples from mature 
leaves of nine species that may be c.onsidered xerophytic or somewhat xero-
phytic. Cuticle samples from one nonxerophytic species contained cellulose 
and samples from two others did not. 
!Doctoral thesis number 1923, submitted June 4, 1957. Chairman of 
Committee, Frederick G. Smith, Department of Botany and Plant Pathology. 
2B.S., Oregon State College, Corvallis. M.S., Iowa State College, Ames. 
Associate, Agricultural Experiment Station. 
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The amount of cuticular wax per unit area was found to be correlated with 
the degree to which plants could withstand dry habitats for three species that 
ranged from a mesophyte to an extreme xerophyte. No such correlation was 
obtained for amount of surface wax. Wax deposition varied with age for the 
different species. Surface wax deposition, where present, usually ceased 
with termination of leaf expansion or shortly afterward. Cuticular wax depo-
sition usually continued for a longer period. 
Swelling of enzymically isolated cuticular preparations upon water satura-
tion and shrinking upon drying demonstrated that even the lipid materials that 
form the cuticle are somewhat polar. Observations on the direction of curl of 
cuticle preparations upon wetting and drying indicated that the preparations 
were less polar near the outer surface and more polar in inner portions. 
Stomateless cuticular preparations from the upper surface of ivy leaf had 
l, 44 + 0 .14 times the permeability to water in the inward direction compared 
with the outward direction. This may be considered further evidence that the 
preparations were less polar on the outer surface. Peameability in the out-
ward direction varied only slightly with age and averaged 0. 214 mg/ cm•/hr at 
25•c. 
A spectrophotometric method was developed that enabled the determination 
of amounts of penetration of 2,4-D as low as 0.002 rnicromoles/cm 2 • The 
rate of penetration through ivy cuticular preparations varied considerably 
with th~ age of the leaf and hence the thickness of the cuticle. The thinnest 
preparations from leaves that were just fully expanded gave penetration rates 
from a 0.1 molar solution averaging 0.0764 micromoles/cm•/hr at room 
temperature, and the thickest from leaves just under three years old gave 
rates averaging 0.0018 micromoles/cm2/hr. The relative penetration rate at 
different cuticle thicknesses indicated that thickness was not the only factor 
involved in permeability to 2, 4-D. The system developed for this study would 
be adapted to the investigation of several factors that may influence the rate 
of penetration of 2, 4-D. 
SYNTHESIS OF RADIOACTIVE PIPERONYL B UTOXIDE AND ITS 
METABOLISM IN THE MADEIRA ROACH, LEUCOPHAEA MADERAE {F .)1 
Claude Henri Schmidt2 
Department of Zoology and Entomology 
Piperonyl butoxide is one of the important insecticide synergists used with 
pyrethrins. As an aid to studying its mode of action in insects, radioactive 
piperonyl butoxide, a- [2-(2-n-butoxyethoxy)-ethoxy] -4, 5-methylenedioxy-2-
propyltoluene-aC14, was prep-;;_red by reacting C14 -labeled paraforrnaldehyde 
with dihydrosafrole then condensing the resulting chloromethyl derivative of 
dihydrosafrole with the sodium salt of diethylene glycol n-butyl ether. The 
radioactive product purified by vacuum distillation was identical to a non-
radioactive standard as determined by ultraviolet, infrared, colorimetric, and 
chromatographic analyses. Ultraviolet and infrared absorption spectra of 
these compounds are shown. The over-all yield was 61 per cent based on 
C14 -paraformaldehyde. The radioactive piperonyl butoxide had a counting rate 
of 155 cpm/µg as measured on a Nuclear Model D-46A gas flow counter and a 
1Doctoral thesis number 1833, submitted August 7, 1956. Chairman of 
Committee, Paul A. Dahm, Department of Zoology and Entomology. 
213.A., Stanford University, Palo Alto, California. M.A., ibid. 
Graduate Assistant, Agricultural Experiment Station. 
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specific activity of 0.157 µc/mg. The feasibility of using aqueous formalde-
hyde instead of paraformaldehyde for the synthesis of piperonyl butoxide was 
investigated. 
For the paper chromatographic analysis of piperonyl butoxide, acetonitrile-
methanol-water, 2:2:1 (v/v), was used as the solvent syxtem. Three different 
procedures for locating piperonyl butoxide on paper chromatograms are de-
scribed in addition to the radioactive scanning technique. Two procedures can 
be used on chromatograms containing over 50 µg of piperonyl butoxide; either 
spraying with one of two dyes, D and C Violet No. 2 i;>r D and C Red No. 18, or 
by streaking with concentrated sulfuric acid. For smaller amounts of piper-
onyl butoxide, both an ultraviolet scanning technique based on absorption at 
290 mµ, and a radioactive scanning method using a "micromil" window Geiger-
Mueller tube, Nuclear Model D-47, were useful. 
The effect of organic solvents on the Blum* colorimetric test for piperonyl 
butoxide was investigated. The absorption spectra of the colored complexes 
formed by these solvents are presented. The selection of a solvent was im-
portant; acetone, carbon tetrachloride, and methyl ethyl ketone produced more 
intense color complexes and n-hexane, Skelly B, and benzene gave less intense 
colors than did acetonitrile, the solvent recommended in the Blum procedure. 
The absorption and excretion of radioactive piperonyl butoxide was studied 
following topical application to male and female Madeira roaches, Leucophaea 
maderae (F ;). About 88 per cent of the piperonyl butoxide was absorbed in 3 
days; about 50 per cent of the radioactivity in the applied dose was recovered 
over a 7-day period from feces extracted with 80 per cent acetone. Paper 
chromatographic analysis of fecal extracts showed that less than 50 per cent 
of the radioactivity in the feces was piperonyl butoxide, the remainder con-
sisted of unidentified water-soluble metabolites. The internal distribution of 
radioactivity 24 and 48 hours after topical application of C14 -labeled piperonyl 
butoxide to female roaches showed that the brain and thoracic ganglia, fore-
gut and hind-gut including Malpighian tubules contained the greatest amount of 
radioactivity per unit weight. Since little radioactivity was found in the other 
tissues of the roach, it is postulated that the nervous tissue, fore-gut and 
hind-gut, and Malpighian tubules are i~volved in the breakdown and excretion 
of radioactive piperonyl butoxide in the Madeira roach . 
. This investigation was made possible by grants-in-aid from the United 
States Atomic Energy Commission, Contract No. AT{ll-1)-59 and from the 
Fairfield Chemical Division of Food Machinery and Chemical Corporation., 
Baltimore 3, Maryland. 
*Blum, M.S. 1955. Colorimetric determination of small quantities of 
methylenedioxyphenyl-containing pyrethrum synergists. Jour. Agric. 
Food Chem. 3:122-124. 
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APPLICATION OF INPUT-OUTPUT ANALYSIS TO A 
REGIONAL MODEL STRESSING AGRICULTURE1 
John Alvin SchnittkerZ 
Department of Economics and Sociology 
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Input-output analysis has two distinct aspects. It is both a method of de-
scribing trade relationships among sectors of an economy, and a means of 
projecting past relationships to future situations. The input-output technique 
was used as the basis for construction of a model of the United States economy 
for 1949. Objectives were to estimate relationships between agricultural 
regions, and between agricultural regions and the rest of the economy. Since 
agriculture was of primary interest, aggregation of the agricultural economy, 
and of industrial processes closely related to agriculture, was at a lower level 
than aggregation of other industrial processes. Also agricultural production 
was divided regionally, based on type-of-farming areas. 
Estimates of trade patterns in agricultural products between regions of 
the United States and between agricultural producers in different regions and 
national industries were made. Lack of data caused many revisions in con-
cept, and required rough estimates of sector relationships in many cases. 
Trade patterns among producing sectors, and between producing and con-
suming sectors of the national economy, were estimated and shown in mone-
tary terms in a transactions matrix. Input coefficients, describing in ratio 
form the relationship between the net ourput of a producing sector j and the 
fraction of the ourpur of sector i which was consigned to sector j, were com-
puted from transactions data. These ratios are the coefficients of a system 
of equations describing the final demand for the products of any sector as a 
function of the net outputs of all producing sectors and the flows of products 
between producing sectors of the economy. 
Estimation of the transactions data and computation of the input coefficients 
constitute an intermediate stage in the study. Preceding sections describe 
inferences which can be drawn using these data. The transactions matrix 
gives a perspective of the trade patterns of the entire economy. The input 
coefficients facilitate estimates of direct effects of increased net output of a 
sector upon other sectors supplying its inputs. All agricultural sectors were 
seen to have depended heavily upon industry sectors for their inputs in 1949. 
Industry sectors were less dependent upon agriculture for their inputs. Also, 
interregional differences existed in the agriculture-industry interrelationships. 
The inverse of the input coefficient matrix was used to de scribe the net 
outputs of each sector as a function of the parts of the final bill of goods. 
Models of the economy were constructed in which foreign trade and govern-
ment were considered (a) as intermediate sectors, and (b) as final demand 
sectors. Interdependence coefficients computed were similar under the two 
procedures. Also, estimates of changes in net outputs, given changes in final 
demand were similar for situations (a) and {b), above. Little importance is 
attached to the interdependence coefficients in this study. Changes in agricul-
tural final demand entries have negligible effects upon the net outputs of the 
other sectors of the economy. 
Hypothetical changes in final demand for the products of food processing 
industries appear to have a realistic basis. Even there, differential changes 
in the demand for various kinds of foods are beyond the scope of the input-
output model. Yet, these are the kinds of demand changes currently observed 
and predicted for the future. 
1Doctoral thesis number 1829, submitted July 23, 1956. Chairman of 
Committee, Earl 0. Heady, Department of Economics and Sociology. 
2B. S., Kansas State College, Manhattan. M. S., ibid. 
Associate, Agricultural Experiment Station. 
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The volume of data required for the input-output or transactions matrix is 
prohibitive if considerable disaggregation of the economy is desired. Since 
so many flow estimates are required, the investigator must constantly com-
promise his desire to make accurate estimate, with the need to make a great 
volume of estimates in a given time. It was seen early in this study that there 
is implicit in each estimate C>f an intersector transaction, one or more re-
search projects of the "partial" type disparaged by the enthusiasts for input-
output analysis. 
Some of the estimates in the transactions matrix were made fairly directly. 
Others, such as the product flows from the machinery industry to agricultural 
sectors, were made from a complex set of data from different sources. These 
data had to be reduced to comparable form, and assigned to agricultural re-
gions or to commodity producing sectors of agricultural regions. Other esti-
mates, like cattle shipments, could not pe made at all with the resources of 
this study. Considerable effort was spent in preliminary research, in order 
to discover the data shortages. Revisions in concept were made where data 
problems were insurmountable. 
The experience in this study confirmed the experience or the preconceptions 
of many of the critics of input-output analysis. As a descriptive technique, it 
has value in providing insights into the workings of a complex economy. Its 
descriptive content is converted to very crude analytical use by computation 
of the technical coefficients of production. But use of these production coeffi-
cients to compute interdependence coefficients for further use in projection, 
appears to be worthwhile in models similar to this one only if the inverse 
matrix can be computed relatively cheaply, as was the case here. 
Use of funds for construction of models of the economy and computation of 
interdependence coefficients, can be justified only by expectations of results 
more valuable than those likely from other analytical techniques. Despite the 
appeal of the generality of the input-output system, its high cost will continue 
to be a barrier to use by many research workers. Even heavier drains upon 
research funds would be inevitable if complex experiments were undertaken to 
check the accuracy of the production functions implicit in input-output tables. 
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TOXICITY OF SOME ORGANIC ACARICIDES TO MITES 
INFESTING APPLE AND CHR YSANTHEMUM1 
John Theodore Schultz' 
Department of Zoology and Entomology 
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Investigations of phytophagous mites infesting apple and chrysanthemum 
disclosed two species to have predominated in the Iowa orchards under obser-
vation, Tetranychus telarius (L.), the two-spotted mite, and Metatetranychus 
ulmi (Koch), the Eur~ed mite. Of lesser importance, but occasionally 
found in numbers was Bryobia praetiosa Koch, the clover mite. 
A quadrant sampling method was employed for the determination of infes-
tation intensity, and M. ulmi was found to have favored north- and east-facing 
portions of the tree G;: early season counts. Preference for these sectors by 
M. ulmi was not exhibited in mid or late season evaluations. This preference 
did not hold for T. telarius, which was found in almost equal numbers through-
out the four sectors during the season. 
Because of the developmental cycles of the two major species, it was found 
necessary to initiate the spraying program between June 15 and July 1 to ef-
fectively control infestations of M. ulmi. Two applications, ten days apart, 
were necessary to achieve lasti~ c~ercial control. A third application of 
Chlorobenzilate and malathion was warranted in order to control infestations 
of M. ulmi. Two applications, ten days apart, were necessary to achieve 
lasting~mercial control. A third application of Chlorobenzilate and mala-
thion was warranted in order to control infestations of T. telarius which 
reached peak concentrations in July. In three years of evaluatio~ricides 
in orchards, the following gave the best control. 
Systox, 6 ounces actual toxicant, controlled infestations of M. ulmi 
better than those of T. telarius. - --
Trithion, 0. 25 poilli.d~ toxicant, and Kelthane, 1. 5 pints of the 
25 per cent emulsifiable concentrate in 100 gallons of spray dilution, 
controlled infestations of T. telarius better than those of M. ulmi. 
In response to the repeated use of chlorinated and organic-phosphate com-
pounds, a slight tolerance to acaricides, Chlorobenzilate and malathion, was 
evidenced in one orchard under study in 1956. In a second orchard, where 
mites were known to be parathion resistant, control with chlorinated com-
pounds, Kelthane and Chlorobenzilate, was not a problem in 1956. 
Evaluations of systemic organic phosphate acaricides on chrysanthemum 
showed T. telarius be st controlled with Systox and Thimet. By electrometric 
analyses-of~s, the lethal level for T. telarius, following Systox appli-
cations, was about 20 ppm of Systox and ~e~s; following Thimet, 200 
ppm of Thimet and me ta bolite s . 
Studies of methods of application of Systox and Thimet, and of host and 
mite response to them, indicated the soil drench and granulated applications 
superior in having given the longest period of control of T. telarius, namely 
56 days folloi.ving the soil drench, 30 days following the granulated applications. 
Phytotoxicity was expressed by the chrysanthem.um following both methods 
of application, even to the lowest dosages tested (Thimet, 0.25 pound actual 
toxicant, Systox, 6 ounces actual toxicant). 
Use of present day systemic phosphate applied as foliar sprays, granules, 
and soil drenches watered into the soil, has not given cont-rol of!. ~ in 
blossoms of chrysanthemum. 
1Doctoral thesis number 1910, submitted May 24, 1957. Chairman of 
Committee, H. M. Harris, Department of Zoology and Entomology. 
ZJ3.S., Iowa State College, Ames. M.S., ibid. 
Graduate Assistant, Agricultural Experim-;;;rt" Station. 
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CROSS SECTION OF THE Ca40 (y. 3p3n)Cl34 REACTION1 
Fritz Duane Schupp2 
Department of Chemistry 
The cross section of the Ca40 ( Y• 3p3n)Cl34 reaction as a function of photon 
energy was determined by radiochemical techniques up to 70 Mev with the Iowa 
State College synchrotron. With the use of the theoretical bremsstrahlung 
spectra, the intensity of the X-ray beam was experimentally calibrated by 
three methods: 
1. Known cross section function of the Cu63( y, n)Cu62 reaction 
2. Ionization produced in an air cavity in paraffin and its calculated 
response 
3. Calorimetrically calibrated ionization chamber. 
The cross section function was observed to be resonant shaped with its 
peak at 50 Mev and with a width at half the maximum of 6 Mev. The magnitude 
of the cross section at its maximum by the above methods of flux calibration 
are: 
1. 0. 29, 0. 37 millibarn3• 4 
2. 0,41 millibarn 
3. 0.25 millibarn. 
Good agreement was obtained between the cross section function of the 
Ca40 (y, 3p3n)Cl34 reaction from the ionization measured in an air cavity in 
paraffin and the function from the comparison to the copper reaction similarly 
determined4 • There was agreement between the calorimetric method and the 
method utilizing the more recent copper cross section function3 which had 
been obtained from an external electron beam and the theoretical cross section 
for the bremsstrahlung process. The values obtained by the calorimetrically 
calibrated ionization chamber and the more recent copper cross section func-
tion3 are considered to be more accurate than the others. 
Agreement of the cross section functions of the Ca•o( Y• 3p3n)Cl 34 reaction 
obtained by the Cu63( y, n)Cu62 cross section functions below 23 Mev with the 
calorimetric and ionization methods indicates the copper cross section func-
tion is not appreciable in the energy range of these experiments. 
The most likely mode of the Ca40 ( y, 3p3n)Cl34 reaction on the basis of 
threshold considerations and the relative reaction probability calculated by a 
statistical model is ( y, a Zn) to A 34 which would decay by rapid positron emis-
sion to Cl 34 . 
The significance of the requirements for a hydrodynamic nuclear model 
were discussed for the formation of a compound nucleus for the photoexcitation 
of Ca40 and in terms of a statistical model for the reactions leading to Cl 34 
from the compound system. 
I Doctoral thesis numb er 1871, submitted December 13, 1956. 
Chairman of Committee, Don S. Martin, Department of Chemistry. 
2B. S., Missouri Valley College, Marshall, Missouri. 
Research Assistant, Institute for Atomic Research. 
3Using the copper cross section function determined by M.B. Scott, 
A.O. Hanson, and D. W. Kerst, Phys. Rev. 100:209. 1955. 
4Using the copper cross section by L. Katz and A.G. W. Cameron, 
Can. Jour. Phys. 29:518. 1951. 
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APP LI CATION OF LINEAR PROGRAMMING FOR PROFIT 
MAXIMIZATION IN THE FEED FIRM' 
J. T. Scott2 
Department of Economics and Sociology 
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The study represents an application of linear programming for profit maxi-
mization in an individual feed manufacturing company. The specific objectives 
were: (1) to determine what formulas a feed company should produce and sell; 
and (2) to determine the most profitable volume for each of these formulas. 
In addition there were two sub-objectives. One sub-objective was to find 
whether workable and realistic information could be prepared with the use of 
firm records and managerial estimates. The other was to obtain the answers 
to the specific objectives at the lowest practical cost in order to estimate the 
economic feasibility of the actual use of the linear programming technique by 
operating feed firms. 
The firm selected for the study was a typical feed company. It owned no 
retail outlets and had only one plant which produced and sold 42 mixed feeds 
and merchandised three ingredients. Ingredients were purchased from sup-
pliers in several states but sales were made almost entirely in Iowa where 
the company merchandised to hatcheries and elevator and farm supply busi-
nesses. 
The principle followed in the collection of data was that no information 
would be used which was not readily available to management. It was felt that 
if linear programming was to be a workable tool of feed firms, it would ordi-
narily have to be based on about the same quality of information now used. 
For this reason the data used in the program were, in part, subjective judg-
ments of management. 
After programming computations were completed and the most profitable 
plan discovered, a comparison of 1955-56 firm operations was made with 
those called for by the program. Net profit for the program was ,$31, 414. 36 
and for 1955-56 it was ,$15,418. 74. Thus, it was found that the sales called 
for under the program would provide ,$15, 995. 62 more net profit than 1955-56 
sales. ' 
The program also increased the quantity of total sales by 12, 599 fifty-pound 
bags over the 1955-56 sales level. Two groupings were made of the products 
by the company in an effort to see which groups of feed ami program increased 
over their 1955-56 level. 
In one grouping it was found that poultry feeds increased 19 per cent over 
the 1955-56 level. Hog feed sales increased 3 per cent, beef feed sales 
decreased 33 per cent, dairy feed sales increased 42 per cent, and other feed 
and product sales decreased 8 per cent. 
The other classification of feeds showed an eight per cent increase incom-
plete feeds, miscellaneous products a ten per cent increase, and pre-mixes 
and concentrates a nine per cent increase in sales over the 1955-56 sales. 
High molasses products showed the most decisive change in sales. This group 
showed 100 per cent decrease in sales from the 1955-56 sales level. 
The restriction which curtailed expansion of profits most drastically was 
salesman hours. The firm operating under the program could have made 
,$25. 20 more net profit if there had been another hour of sales contact at no 
additional cost. If they could have bought this additional hour for ,$20. 20 they 
could have added ,$5. 00 to net profits. 
lDoctoral thesis number 1920, submitted June 4, 1957. Chairman of 
Committee, Richard Phillips, Department of Economics and Sociology. 
2B .A., Louisiana Polytechnic Institute, Ruston. M.B .A., University of 
Arkansas, Fayetteville. Associate, Agricultural Experiment Station. 
266 ABSTRACTS OF DOCTORAL THESES, 1956-57 
The coefficients and restrictions provided by management are not precise; 
therefore the solution to the program cannot be' used as a formula to higher 
profits. The author feels, however, that management can use this analysis 
with a fair degree of confidence provided common sense is used in interpret-
ing the results. 
The cost of computation using the short-cut solution as employed in this 
dissertation would not be too expensive, especially after a person gained 
facility in the use of the method. It would appear, however, that the higher 
costs of electronic computers might not be justified for small feed firms. 
Large companies might benefit enough from the program that they could pay 
the higher price on problems which could not be solved by the short-cut 
method. 
CHOICE OF CROP ROTATIONS UNDER CROP-SHARE LEASES: 
A LINEAR PROGRAMMING APP LI CA TION1 
James Arthur Seagraves 2 
Department of Economics and Sociology 
Principles of production economics were used to explain some fundamental 
theories about the economics of crop rotations and about crop-share leasing. 
Hypotheses about the optimum choice of products and fertilizer levels were 
developed from these theories and from observations about crop-share leasing 
in Northern Iowa. The hypotheses dealt with the level of cash-rent for pas-
ture, with the sharing of fertilizer costs, and with the efficiency of leases 
which share all crops and operating expenses in the same proportions. 
Experimental data for six crop rotations with four fertility treatments for 
Nicollet and Webster soils of Northern Iowa were used, together with assump-
tions about techniques and prices, to e ~tablish budgets for 24 activities. 
Linear programming wss applied to choose the maximum profit programs for 
crop-share tenants and landlords under eight hypothetical leases. The leases 
provided tests of the hypotheses. 
Labor and capital resources of the tenant and landlord were varied in order 
to show whether these hypotheses apply to a variety of resource situations. 
Resource situations also were assumed for an owner-operator who had the 
combined capital of the landlord and tenant. 
A lease was considered efficient if the optimum productive programs of 
the tenant, landlord, and owner-operator were identical. No single lease met 
this standard for all resource situations; however, all except two in which 
fertilizer and seed costs were not shared met it when capital was unlimited. 
The ,$8 per ac're cash rent for cropland in pasture, which was common 
in Northern Iowa between 1949 and 1953, was too low to provide maximum 
agreement among landlord, tenant, and owner-operator. When each leasing 
party had very limited amounts of capital available an ,$8-,$16 cash rent was 
indicated. However, with less limiting capital the tenant desired more land 
in pasture than the landlord at even a ,$25 per acre rent. The indications 
were that cash rent should be considered a variable factor when leases are 
designed and renewed. 
Agreement was virtually impossible among the tenant, landlord, and owner-
operator when the tenant paid all the fertilizer costs and received only a share 
1Doctoral thesis number 1874, Submitted December 14, 1956. Chairman of 
Committee, Earl 0. Heady, Department of Economics and Sociology. 
2B .A., Reed College, Portland, Oregon. M. S., Iowa State College, Ames. 
Graduate Assistant, Department of Economics and Sociology. 
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of the added returns from fertilizer. Leases like those typical in Northern 
Iowa, in which only fertilizer and several other variable costs were some-
times shared, were not a satisfactory answer because they led to an overuse 
of fertilizer by the tenant. It was seen that complete sharing of all variable 
expenses in the same proportion guarantees an optimum allocation of fertilizer 
but at the same time gives rise to some additional problems. 
Leases which shared all crops and all expenses in equal proportions pro-
vided perfect agreement among the landlord, tenant, and owner-operator when 
the leasing parties had identical resource limitations. However, agreement 
was far from perfect when the landlord did not assu!lle the labor limitations of 
the tenant and when their capital limitations were different. It was noted that 
complete share leases resemble a partnership, and like this, depend upon a 
close decision-making relationship between the leasing parties. While com-
plete share leases solve the problem of the allocation of inputs like fertilizer, 
they intensify the problems of providing incentives for tenant labor. 
The results of this study suggested the following things with respect to 
crop-share leases in Northern Iowa: (1) Higher cash rents for cropland in 
pasture are indicated, and,$25 per acre is not too high in some cases. (2) The 
sharing of fertilizer and seed costs appears to be very important to their 
efficient allocation, and it is anticipated that the sharing of several other 
variable expenses such as the costs of weed and insect control and gleaning is 
necessary to their optimum use. (3) There is no indication that a lease which 
shares all variable expenses and all crops in the same proportion would pro-
vide more agreement among the optimum programs of the landlord, tenant, 
and owner-operator than would the typical crop-share lease now in effect in 
Northern Iowa if a higher cash rent for pasture were added. (4) The best 
lease in terms of agreement among the tenant, landlord, and owner-operator 
depends upon the resource limitations of the leasing parties. 
A PROCESS FOR SEPARATING THORIUM COMPOUNDS 
FROM MONAZITE SANDS1 
Kernal Glenn Shaw2 
Department of Chemical Engineering 
The purpose of this investigation was to study the sulfuric acid digestion of 
monazite sand, and to prepare a thorium-containing material from the result-
ing solution which would be suitable for further purification by liquid-liquid 
extraction. It was also desired that the by-product rare earths and uranium 
be recovered in a form convenient for further processing. 
Studies were made in the laboratory and in a pilot plant to determine the 
optimum conditions for the digestion of monazite sand and for the separation 
of thorium, rare earths, and uranium by fractional neutralization of the mona-
zite sulfate solution. The most effective separation was obtained when the 
monazite solution was dilute and when ammonium hydroxide was used as a 
neutralizing agent. The resulting process consisted of the following steps: 
1. Digestion of £round monazite sand in 93 per cent sulfuric acid for 
five hours at 155-230°C. The acid-to-sand weight ratio was 1.56. 
'Doctoral thesis number 1425, submitted June 8, 1953. 
Chairman of Committee, Morton Smutz, Department of Chemical Engineering. 
'B.S., (Science) Pennsylvania State College, University Park. 1947. 
B. S., (Chemical Engineering) ibid. 1948. 
Research Assistant, Ames Laboratory of the Atomic Energy Commission. 
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2. Dissolution ot the solid reaction products in water and clarification 
of the solution by allowing the acid-insoluble sludge to settle. 
3. Fractional precipitation of thor~um phosphate by dilution of the 
monazite sulfate solution with six parts of water and neutralization to a 
pH of l. 05 with ammonium hydroxide. 
4. Fractional precipitation of the rare earth phosphates by neutral-
ization of the filtrate from the thorium separation to a pH of 2. 3 with 
ammonium hydroxide. 
5. Fractional precipitation of uranium phosphate and the remainder 
of the rare earths by neutralization of the filtrate from the rare earth 
separation to a pH of 6. 0 with ammonium hydroxide, 
The precipitates from each fraction were thickened and filtered. The over-all 
recovery of thorium was 96-97 per cent, of rare earths 98-99 per cent, and 
of uranium 53-54 per cent. The remainder of the thorium and uranium can be 
recovered by further processing. 
A cost comparison was made between the Ames Laboratory process and a 
process developed by the Battelle Memorial Institute for a plant which would 
produce five tons of thorium per month from Idaho monazite sand. The esti-
mated processing cost for the Ames Laboratory process was /,9.11 per pound 
of thorium as compared with fl,11. 48 per pound for the Battelle process. Both 
of these costs included fl,4. 67 for the cost of the monazite sand. The Battelle 
caustic digestion process produced two hydroxide concentrates. One contained 
thorium and uranium. The other contained rare earths. Hydroxide concen-
trates could also be produced by the Ames Laboratory Process by a caustic 
digestion of the three phosphate concentrates at an additional cost of about 
fl,l. 25. 
ANILINE-FURFURAL STAB !LIZA TION OF IOWA LOESs' 
John Briggs Sheeler2 
Departments of Chemical Engineering and of Civil Engineering 
Natural gravel sources in southwestern Iowa and in other areas in the 
United States are being rapidly depleted due to extensive secondary road con-
struction and maintenance. The loess deposits of southwestern Iowa are very 
extensive and offer a possibility as a rood building material. However, the 
soil must be suitably stabilized before all-weather roads can be constructed 
from this material. 
The primary objectives of this investigation have been to establish and 
evaluate the best methods for stabilizing Iowa loess with aniline-furfural resin. 
The research has been carried on in conjunction with an over-all research 
project investigating the properties and stabilization methods for Iowa soils. 
This project is being carried on under contract with Iowa State Highway Com-
mission and under sponsorship of the Iowa Highway Research Board and is 
supported by funds supplied by the Commission and the U.S. Bureau of Public 
Roads. 
The investigation indicates that the optimum moisture-density relationship 
of aniline-furfural stabilized soils should be determined for every proposed 
lDoctoral thesis number 1839, submitted August 13, 1956. 
Chairmen of Committee, D. T. Davidson, Department of Civil Engineering, 
and Morton Smutz, Department of Chemical Engineering. 
'B.s., Iowa State College, Ames. 
Graduate Assistant, Engineering Experiment Station. 
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soil and that aniline and furfural cannot be regarded as liquids that replace 
equal volumes of water for density requirements. 
A mol ratio of 2 mols aniline to l mol of furfural produced the best results 
while weight ratios anywhere between 3:2 and 5:2 may be used without exces-
sive loss of effectiveness. Water and furfural should be mixed with the soil 
first to obtain the be st results. 
Drying is nearly complete after five days of air curing and strengths have 
reached a near final value after four days. However, l 0 days of air curing 
are necessary for equilibrium conditions to be well established. 
Small quantities of aniline-furfural reduce the dry strength of treated soil 
but any addition of the resin increases the wet strength. The wet strength of 
aniline-furfural stabilized loess exhibits a maximum value at about 22 per 
cent clay content for any constant amount of resin treatment. 
Even the lowest resin treatment imparts a significant waterproofing to the 
loess. Treated specimens are very resistant to artificial laboratory weather-
ing. Aniline-furfural treatment shows evidence of being beneficial to the all-
weather stability of Iowa loess. 
AVAILABILITY OF RESIDUAL FERTILIZER PHOSPHORUS 
AND ITS EVALUATION IN IOWA SOILS1 
Charles Mortimer Smithz 
Department of Agronomy 
The objectives of this investigation were to study the effects of single or 
multiple applications of phosphorus fertilizer in different years on the avail-
ability of the residual phosphorus resulting therefrom, and to compare chemi-
cal soil test, crop yield, crop composition, and radioactive A value measure-
ments as methods for measuring the residual effects on the-;-e and previously 
established experiments. 
Three field experiments were initiated in the spring of 1953. Two were 
located on acid Floyd and Edina silt loam soils and one on a calcerious Ida 
silt loam soil. Phosphorus applications were made over a 3-year period for 
the purppse of establishing levels of residual phosphorus resulting from dif-
ferent times of application. Oats were grown each year, since it was believed 
a shallow rooted, short season crop should be used to minimize the removal 
of phosphorus during the early stages of the experiment and to minimize the 
dilution effect of phosphorus absorbed from below the fertilizer zone on the 
correlations of field and other measurements. Grain yields and total plant 
phosphorus absorption were measured each year. 
In the spring of 1955, soil samples were collected from the experiments 
and were used for chemical and greenhouse tests. The latter included plant 
growth measurements and radioactive measurements, utilized as A values. 
The soil samples were taken with a large sampling tube and consisted of ap-
proximately 60 cores per plot of 60 square feet. This thorough sampling was 
made for the purpose of insuring representative values for correlation studies 
with field data. 
Greenhouse A values were used as the criterion for evaluating the other 
!Doctoral thesis number 1880, submitted December 19, 1956. 
Chairman of Committee, John Pesek, Department of Agronomy. 
2B. S., Iowa State College, Ames. M. S., ibid. 
Associate, Agricultural Experiment Statioll:-
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measurements. Significant correlation coefficients were obtained for com-
parisons with field A values, yield of phosphorus in the field and greenhouse, 
and soil test phosphOrus. 
The relationship between soil test phosphorus and greenhouse A values for 
the acid Floyd and Edina silt loam soils was described by a singl;- regression 
line. The chemical soil test predicted greenhouse A values equally well for 
the one- and two-year-old phosphorus applications. Results of comparisons 
in 1954 involving these measurements on soil samples from 14 old experi-
ments, containing levels of residual phosphorus, also indicated a single 
regression line. Similar results were obtained on 1953 samples. The regres-
sion of soil test phosphorus on greenhouse A value measurements for the 
calcareous Ida silt loam soil, howev.er, described a line with a significantly 
smaller regression coefficient. This effect was probably caused by the free 
CaC03 in the soil. 
Significant correlations were obtained when the chemical soil test results 
were compared with other criteria including yield of phosphorus in the field 
and greenhouse, and field A values. A contributing factor may have been 
the detailed soil sampling technique employed. Several of the methods were 
satisfactory for measuring the effects of residual phosphorus; however, its 
simplicity and high degree of correlation with greenhouse A values makes the 
chemical soil test particularly useful. 
The field results obtained from the experiments on the two acid soils gen-
erally indicated similar trends. Grain and total phosphorus yields indicated 
both in 1954 and 1955 that current applications of phosphorus were significantly 
better than previous applications. There was little evidence on either soil to 
indicate that the residual value of a given rate of phosphorus fertilizer was 
enhanced by splitting the application. 
The results of the calcareous Ida silt loam soil indicated that a current 
application of concentrated superphosphate produced lower yield increases 
than a like amount applied one or two years previously. Evidence was pre-
sented that indicated a lack of uniformity in the mixing of the current applica-
tion with soil to the depth of plowing, which in dry weather could resul~ in a 
reduction in the effectiveness of the current phosphorus applications. A test 
was made that indicated differences between years of application could not be 
attributed to differences in the effectiveness of unit quantity of phosphorus 
absorbed in promoting biological response. Therefore, there was no indica-
tion of a difference in availability resulting from a change in the chemical 
nature of the phosphorus. Differences observed between measurements of 
the availability of one- and two-year-old applications were not significant. 
The regression of greenhouse A values on rates of applied phosphorus was 
linear for the acid soils and at the higher levels of phosphorus for the calcar-
eous soil. Employing greenhouse A values as criteria and the assumptions 
that the absorption of native soil phosphorus was constant at different levels 
of residual fertilizer phosphorus and that a current application of phosphorus 
was 100 per cent effective, the percentage effectiveness of residual phos-
phorus from applications made one and two years previously, relative to cur-
rent applications on "the Floyd, Edina, and Ida silt loam soils was on the order 
of 55 to 57, 68 to 75, and 65 to 75, respectively. Computations made in a 
similar way for the other soils sampled indicated that most of them fell into a 
range of 40 to 65 per cent effectiveness for one and two-year-old applications 
and 20 to 40 per cent for three-year-old applications. 
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CRYSTAL PHYSICS OF SILVER PERCHLORATE-BENZENE 
COMPLEX AND METAL WHISKERS1 
Harold Glenn Smith2 
Department of Physics 
Part I. Structure and Lattice Energy of the Silver Perchlorate-Benzene 
Complex. 
271 
The structure of the silver perchlorate-benzene complex has been accu-
rately determined by a three-dimensional least squares analysis. The silver 
ions are displaced 0,26 A from the mirror planes of the space group Cmcm 
in a disordered manner. This results in unequal Ag-C distances for a given 
benzene ring. They are 2.496 + 0.006 A and 2. 634 + 0.008 A. Three of the 
Ag - 0 distances are 2.68 + O.OZ A and one is 3.20 +-0.01 A. 
The benzene ring itself is di started fr.om hexagonal symmetry; the C 2-C2 
and C1 -C2 distances are 1.354 + 0.017 A and 1.427 + 0.010 A, respectively; 
the angles C1 -C2 -C2 and C 2-C1 -C2 are 122.2° and 115-:-7°, respectively. 
The oxygen atoms of the perchlorate ion are also displaced slightly off the 
mirror planes but this is probably a measure of the anisotropy of the thermal 
motion of the ion. The chlorine-oxygen bond distances are 1.444 + 0.018 A 
for Cl-01 and 1. 508 + O. 009 A for Cl-02 • The 0 1 -Cl-01 l!ind 0,-Cl-02 angles 
are 106.3° and 113.z"o, respectively. 
Calculations showed that the lattice energy of the cubic str-..cture of silver 
perchlorate is 165.0 kcal/mole; the lattice energy of silver perchlorate ex-
panded to the volume of the benzene complex is 12 7. 0 kcal/mole. It was found 
that the induction energy of benzene due to the ion-induced dipoles in the ben-
zene complex is 12. 4 kcal/mole. The van der Waals energy of benzene in the 
complex is estimated to be 6. 8 kcal/mole. The energy due to charge-transfer 
forces between a silver ion and one benzene molecule is 15. 7 kcal/mole. The 
polarizability of the perchlorate ion was also calculated, and the average 
value is 4. 65 A 3 • 
Part II. X-ray Investigation of Tin Whiskers. 
The X-ray diffraction data were obtained by photographic and Geiger count-
er methods using MoKcx and CuKcx ·radiation, respectively. It was necessary 
to use the dynamical theory of X-ray diffraction to explain the observed data. 
The agreement is very good for a crystallite size of 1. 5µ for a 5. 5µ whisker 
and 2. 7µ for whiskers about 10µ in diameter. This indicates the whiskers 
are not perfect crystals although they exhibit a higher degree of perfection 
than is usually attributed to bulk specimens in general. 
The lattice constants, a 0 = 5.820 + O.OOlkX, c 0 = 3.18 + O.OlkX, are in 
agreement with those reported for pure tin within experime~tal error. The 
various colors reflected from the faces of the crystals are attributed to thin 
films (presumably tin oxide) on the whisker surfaces. 
The Debye characteristic temperature calculated from the X-ray data, 
9 = 126 •, is nearly the same as that determined froll!il low-temperature speci-
fic heat data, @ = 130 •, but is not in agreement with the very-low-temperature 
(1. 2 - 4. 5 °K) value, @ = 195 °. The last vq.lue is in agreement with the Debye 
temperature obtained from elasticity data assuming a simple Debye solid. 
'Doctoral thesis number 1908, submitted May 10, 1957. 
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MOVEMENT OF WATER IN UNSATURATED SOILS1 
Karl Ralph Stockinger2 
Department of Agronomy 
Two phases of the problem of movement of water in unsaturated soils were 
studied. One phase dealt with a method of determining the capillary conduc-
tivity of soil as a function of the soil moisture tension. The other phase dealt 
with infiltration of water into soils. 
To determine the capillary cond>+ctivity of the soil, a vertical tube of soil 
with water supplied freely at zero pressure at the lower end and evaporated 
from the upper end was allowed to reach a steady state condition. The hy-
draulic head was measured at various points along the tube by means of tensi-
ometers made from sintered glass sealing tubes. The rate of flow was meas-
ured and the pressure of the water .i!-t the lower end of the tube was controlled 
by means of a burette which operated like a Mariette bottle. An empirical 
function 
where x the ratio of the height of the observation 
to the length of the tube 
d the hydraulic head necessary to move the 
steady state flow rate through the soil tube 
if it were saturated 
was found which could be fitted to the hydraulic head data by adjusting the 
values of a, b, and c to be measured values of d, x, and iJ1 by the method of 
least squares. The function was differentiated to give the hydraulic gradient 
which was then used with the rate of flow in the Darcy equation to give the 
capillary conductivity as a function of the parameter x. The moisture tension 
was also expressed in terms of th~ parameter x by adding a term xL, for 
height, to the right hand side of the equation for iJ1, where L is the length of 
the tube. 
The above procedure was used to determine the capillary conductivity of 
disturbed samples of Edina silt loam and Marshall silt loam. Th<; results for 
any one soil were quite variable. However, the capillary conductivity for all 
trials showed a similar pattern. The soil maintained the conductivity of a 
saturated soil until the moisture tension exceeded a critical value determined 
by the pore geometry. At this point some pores were no longer filled and the 
conductivity rapidly decreased with increasing tension to values of less than 
one per cent of the saturated conductivity for moisture tensions of 30 cm and 
approached a zero conductivity. asymptotically. The chief difference in the 
soils was the rapidity of the decrease of conductivity after the soils were no 
longer saturated, being more rapi~ for the Marshall than the Edina soil. 
The results were used to compute the length of tube necessary to carry out 
a similar experiment with an equal flow rate in the horizontal direction. It 
was found that a tube of soil 30 meters long would be necessary for such a 
flow rate to develop a moisture hmsion of 50 centimeters at the end. The 
moisture tension as a function of the height was calculated for two flow rates 
and used to illustrate the mode with which water would be supplied to plants 
by a water table. 
'Doctoral thesis number 1902, submitted April 12, 1957. 
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For the infiltration phase of the study samples of three soils from the 
desert regions of Arizona a_nd California ranging from a loamy sand to a silty 
clay were used. Tubes of soil were prepared from the air-dried disturbed 
samples in such a manner to be as uniform as possible. The tubes were 
placed horizontally or vertically and connected to a source of water which 
m-aintained a constant head of zero. The amount of water entering as a func-
tion of time was recorded. The equation 
where Q total amount of water absorbed 
time 
was found to describe the total amount of water absorbed for the horizontal 
tubes. The constants a, b, and c of this equation were fitted to the observed 
values of Q and t by the method of least squares. 
According to Poiseuille's law the exponent b should be 1/2. This was true 
for the lighter soils but the clay soil gave a mean value of 0. 645 which was 
found to be significantly different from the predicted value of 1/2. This vari-
ation of the exponent appears to be related to the structural stability of the 
soil. 
It was found that the addition of a linear term dt, d being a constant, to the 
equation for horizontal flow resulted in an equation which fit the vertical flow 
data almost perfectly. Thus the equation for infiltration, i, was 
i = atb + dt + c . 
The constants were fitted to the data by the method of least squares and it 
was shown that the value of a was not different for the horizontal or vertical 
case. Other tests indicated that the constant d varied as the sine of the angle 
the tube makes with the horizontal and thus verified the vravitational nature 
of the linear· added term. Practical examples of the use of the infiltration 
equation were disc1:1ssed. 
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IMPROVED INSTRUMENTATION AND SOME OPERATIONAL 
PRINCIPLES FOR THE NEUTRON MODERATION METHOD 
OF MEASURING SOIL MOISTURE1 
John Floyd Stone• 
Department of Agronomy 
A fieldworthy neutron moderation soil moisture meter is described. This 
device is comprised of a probe unit and a counting unit. The probe unit con-
sists of a special probe carrying case and a probe. The carrying case pro-
vides a radiation shield for the operator when the probe is being carried 
about. The radiation shield is made of lead and paraffin. The paraffin serves 
not only to shield the operator from fast neutrons, but serves also as a stan-
dard hydrogenous medium for stanqardization of readings. The probe itself 
is two inches in diameter and contains a detector for slow neutrons (B 10 
lined detector) and a source of fast neutrons (10 me. Ra-Be). Also included 
in the probe is a pulse amplifier which will operate into any reasonable length 
of coaxial cable (a 50-foot length has been tried with no noticeable pulse 
attenuation). The neutron source is of annular shape and is placed about the 
geometrical center of the counter tube. The counting unit employs decade 
counting, glow transfer tubes. Dry batteries are used for power supply. The 
whole device weighs 40 pounds. The instrument can be safely used 8 hours a 
day, 6 days a week. 
Experiments show that the standard error of the mean for moisture read-
ings is one-sixth the standard error of the mean for moisture determinations 
made gravimetrically (using a Veihmeyer sampling tube). The standard error 
of the mean for a single profile reading for measuring the water in a field 
plot 20 feet wide and 40 feet long to a 5 -foot depth seems to be 0. 0 7 inches of 
water. This includes variations due to the soil, Colo silty clay loam. Typical 
field data obtained in an evapotranspiration experiment are also given. 
A set of instructions is given for construction, operation, and repair of the 
device. Assembly diagrams and electronic diagrams are presented. 
Measurement and calibration procedures are given by which certain sources 
of error, such as battery drift, counter circuit dead time and background 
count, -are minimized. Equations are given by which the magnitude of these 
errors can be readily determined. A method is described for laboratory 
calibration using mixtures consisting of sand and a hydrated salt, aluminum 
ammonium, and sulfate. 
In the method for measuring soil moisture by neutron moderation, a slow 
neutron distribution arises, due primarily to soil moisture, in the vicinity of 
a source of fast neutrons placed in or next to moist soil. Existing theoretical 
expressions for the distribution for moderated neutrons in a system indicate 
that there is a dependence upon, among other things, the neutron macroscopic 
scattering cross section of the medium. This cross section is, in turn, de-
pendent upon several factors, one of which is the atomic-densities (numbers 
at atoms per unit volume) of the se'Yeral types of elements present. There-
fore, for a given soil type, this cros,s section should vary with bulk density. 
Readings were made in small containers, in the laboratory, with the probe 
of the soil moisture meter. The containers were filled with various mixtures 
using sand, water, and crystals of alum. These readings confirmed for a 
given hydrogen 'density that the slow neutron flux sensed by the detector in the 
probe is dependent upon the amount of material contributing to the macro-
!Doctoral thesis number 1921, submitted June 4, 1957. 
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scopic scattering cross section of the medium. The laboratory results are in 
qualitative agreement with a theory which, in turn, indicates that the effect of 
the macroscopic scattering cross section upon the slow neutron distribution 
could be less pronounced in a very large medium. Despite the foregoing, 
research workers have not found sufficiently marked effects of bulk density 
to include the bulk density of soil in calibration procedures for the neutron 
method. The bulk density effects have probably not been included because 
they are difficult to measure in field soils where sampling errors and natural 
variability in composition mask density effects. Also field measurements 
are often made at low moisture contents when bulk density effects on neutron 
moderation are, the experiments show, small, Although, in the field data 
reported in this dissertation, density effects, if present, have been masked by 
other factors; it may be that for some soil types the density effect is appre-
ciable. Further work should shed more light on this. 
DRIVING EFFICIENCY OVER A SIX-HOUR PERIOD 
BY SIMULATED DRIVING PERFORMANCE1 
Virtus William Suhr' 
Department of Vocational Education 
In this investigation driving efficiency was studied over a six-hour period 
by simulated driving performance. An attempt was made to determine the 
nature of the performance curve for certain variables amenable to continuous 
measurement. A series of psychological, physiological, psychometric and 
psychophysical tests were administered both before and after the driving 
period in an effort to detect any changes that may have occurred in perform-
ance on certain psychophysical characteristics deemed relevant to safe auto-
mobile driving. Periodic refreshment pauses were introduced at intervals of 
90 minutes and their effect on the onset a:nd extent of work decrement was 
noted. A personal evaluation protocol was obtained from each participant so 
that subjective feelings could be compared with driving performance and with 
other test results. 
Two groups of 28 subjects each were used in the study. Each subject was 
individually taken through an experimental cycle lasting approximately nine 
hours. The experimental or refreshment-pause group was given a 15-minute 
rest period during which tea was served with adclitives as preferred, every 
one and one-half hours during the experimental procedure as stated. The 
control or no-pause group received no pause or refreshments. Otherwise the 
treatments were identical. 
A series of psychological, physiological, simulated driving performance, 
and paper and pencil tests were administered to each driver during the pre-
testing period of approximately one and one-half hours. The subjects in the 
refreshment-pause group were than given refreshments and a rest pause after 
which they began a period of six hours of simulated driving using the Drivo-
meter which was installed in a special air-conditioned booth at the Driving 
Research Laboratory, Iowa State College. The no-pause group were taken 
directly from the pre-testing into the simulated driving phase of the experi-
mental procedure where they did simulative driving for six consecutive hours. 
lDoctoral thesis number 1870, submitted December 13, 1956 
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Data were recorded every half hour for the variables that could be sub-
jected to a continuous evaluation. In addition a red stop light was presented 
on five different occasions not systematically arranged during each half hour 
of the driving period. The time required for the driver to notice the signal 
light and respond by depressing the brake pedal was recorded as stop light 
response time. Also, an electric train was caused to emerge from a tunnel 
into the view of the driver five times at irregular intervals each half hour. 
The time required to notice the train and react by depressing the brake pedal 
was called train reaction time. 
Immediately following the six hours of simulated driving, the series of 
tests which were administered during the pre-testing period were repeated 
in the same sequence. The experimental cycle was completed by having each 
driver subjectively evaluate his own level of efficiency by completing a self-
evaluation form of 14 items prepared for the purpose. 
An analysis of covariance was made of the data gathered from the tests 
which were administered before and repeated again after the driving period. 
The initial scores were taken as the covariates. 
The discrete data were analyzed by means of the chi-square rechnique. 
Two by two contingency tables were constructed. The Yates correction fac-
tor was used whenever the frequency in a cell was less than five. 
A split-plot analysis was made of the data gathered during the driving 
period. The group mean scores for each half hour were plotted and graphs 
constructed. 
I Each analysis was made three times. First, all 28 subjects in each treat-
ment group were included. Secondly, only the 19 men in each treatment group 
were considered. A third analysis was made using only the data from the nine 
women drivers in each treatment group. 
The hypothesis tested in this study, stated in the null form is as follows: 
a 15-minute rest period, during which time tea with additives as preferred is 
served, every one and one-half hours has no effect on the psychophysical 
characteristics or on simulated driving performance of automobile drivers. 
The hypothesis is rejected for steering score made on the Drivometer 
when all the subjects considered and also when the men drivers only are con-
sidered. The steering score is th~ number of contacts in the right lane of the 
traveling roadway that were crossed by the miniature car per period of time. 
The same is true for steering efficiency or the number of contacts in the right 
lane of the traveling roadway that were crossed by the miniature car per unit 
of simulated distance traveled. The refreshment-pause group had a higher 
average score on both of these variables. The differences were significant at 
the one per cent level of confidence. 
The women drivers in the refreshment-pause group drove a greater simu-
lated distance on the average each half hour than those in the no-pause group. 
The F-value was significant at the five per cent level of confidence. When the 
total group was considered and also when the men drivers were considered 
separately, both the diastolic blood pressure and the number of errors on an 
attention to detail exercise were significantly lower for the no-pause group. 
A difference in systolic blood pressure between the women drivers in the two 
treatment groups was revealed. This difference was significant at the five per 
cent level of confidence with the no-pause group having the lower pressure. 
No differences in the drivers' subjective evaluation of their driving effi-
ciency at the end of the experimental procedure were of sufficient magnitude 
to be statistically significant. Since some of the objective measures did re-
veal significant differences between the two treatment groups, it would appear 
that an individual may have reduced efficiency without being subjectively aware 
of it. 
The general results of the investigation seem to indicate that a periodic 
refreshment pause is useful in increasing the maximum performance, pro-
longing efficiency curve and reducing the extent of work decrement particularly 
in a type of activity simulating road driving performance. 
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RADICAL REACTIONS OF AROMATIC NITRO COMPOUNDS1 
John A. Tanaka2 
Department of Chemistry 
Part I. The p-Nitrophenylradical substitution on nitrobenzene. 
This study was undertaken to broaden our understanding of the mechanism 
of homolytic aromatic substitution reactions. 
The p-nitrophenyl radical was generated by the decomposition of p-nitro-
N-nitro";oacetanilide. When this decomposition was carried out in nitro-
benzene, the ortho, meta, and para substitution of .e_-nitrophenyl radical on 
nitrobenzene gave rise to a mixture of dinitrobiphenyls. The isomer ratios 
were determined and compared with those reported by 0th.er workers. Large 
amounts of other products were also formed. An azo compound which appar-
ently has three nitro groups and three aromatic rings was isolated as one of 
these products. There was always some tarry material formed which was not 
easily eluted from an alumina column. In order to test whether these tars 
resulted from secondary reactions, 2-deutero-3, 4'-dinitrobiphenyl was added 
to the radical decomposition and the tar tested for deuterium. The very small 
deuterium content of the tar indicated that dinitrobiphenyls are not a great 
deal more reactive toward p-nitrophenyl radicals than nitrobenzene. 
Part II. Reactivity of triphenylmethyl radical and nitrobenzene. 
This investigation was initiated to test the hypothesis that the nitro group 
of aromatic nitro compounds is involved in radical reactions. 
The triphenylmethyl radical in the presence of nitrobenzene was found to 
be active after a month. Triphenylmethyl radical activity was similarly found 
after long periods of contact with 1, 3, 5-trinitrobenzene and nitrosobenzene. 
No evidence could be obtained for the reduction of the nitro group by the tri-
phenylmethyl radical. 
!Doctoral thesis number 1843, submitted September 10, 1956. 
Chairman of Committee, George S. Hammond, Department of Chemistry. 
2B.S., University of California, Berkeley. 
Graduate Assistant, Industrial Science Research Institute. 
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MAGNETIC PROPERTIES OF Gd-La AND Gd-Y ALLOYS1 
Wilbur C. Thoburnz 
Department of Physics 
Successful methods of temperature control and centering, for a sample 
whose magnetic moment is to be measured by weighing it in an inhomogeneous 
field, have been described. 
Four alloys of gadolinium with lanthanum, and seven others of gadolinium 
with yttrium, have been examined for their magnetic properties. Paramag-
netic Curie temperatures and Curie constants have been determined for all 
the alloys, and ferromagnetic Curie points and saturation moments for the 
six alloys which showed ferromagnetism. Thence the effective atomic mo-
ments and the saturation atomic rnom.e.nts, per gadolinium atom, have been 
computed. N<!Oel points have been determined for those alloys which showed 
antiferromagnetism. 
The four Gd-La alloys show the following results: 
1. An alloy of 47 per cent concentration of Gd by atoms is paramagnetic down 
to 20 'K. It has the lattice structure of lanthanum. 
2. An alloy having 90 per cent of Gd atoms is ferromagnetic below 258'. It 
has the structure of gadolinium. 
3. Intermediate alloys with 75 and 83 per cent of Gd atoms show antiferro-
magnetic regions below their poorly defined N<!Oel points, respectively, at 
about 130' and 155'. Their lattice structure is not clearly defined. 
The seven Gd-Y alloys show the following results: 
1. All have the gadolinium structure with nearly the same lattice constants. 
2. At low temperatures alloys with 25 to 60 per cent of Gd atoms show anti-
ferromagnetism and alloys with 60 to 100 per cent of Gd atoms show ferro-
magnetism. 
3. The paramagnetic Curie temperatures indicate a regular, though not quite 
linear, dependence on gadolinium content. The plot of 0p against the con-
tent of gadolinium follows a convex curve from an estimated 0 'K for pure 
yttrium to 302. 7' for pure gadolinium. 
4. A near approach to the same line is made by the N6el points of alloys 
having less than 50 per cent of Gd atoms, and by the ferromagnetic Curie 
points of alloys having more than 7!) per cent of Gd atoms. In the neighbor-
hood of the composition of 60 per cent of Gd atoms, however, the N<!Oel 
point and 0f fall far below the line, particularly the latter. For this com-
position the antiferromagnetic peak appears only for very weak fields, and 
its temperature is substantially lowered from its zero-field (197') as the 
field is increased. 
In general, the effective atomic magnetic moments per gadolinium atom 
as calculated from the paramagnetic data, and the corresponding saturation 
atomic moments as calculated from the ferromagnetic data, are somewhat 
higher than the theoretical values for pure gadolinium. The results indicate 
a contribution to the magnetic moment from some source not yet clearly 
understood. 
!Doctoral thesis number 1847, submitted October 23, 1956. 
Chairmen of Committee, Sam Legvold, Department of Physics, and 
F. H. Spedding, Institute for Atomic Research. 
'B. S., Allegheny College, Meadville, Pennsylvania. M.A., Northwestern 
University, Evanston, Illinois. M. S., University of Chicago, Chicago, Ill. 
Research Assistant, Ames Laboratory of the Atomic Energy Commission. 
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ASPECTS OF THE CAGE EFFECT IN THE DECOMPOSITION OF 
AZO-BIS-ISOB UTYRONITRILE1 
Orlin Dalton Trapp 2 
Department of Chemistry 
279 
This study was undertaken to broaden the understanding of the cage effect 
in the free radical decomposition of 2, 2 '-azo-bis isobutyronitrile (AIBN). 
Dimethyl-N-(2-cyano-2-propyl)-ketenimine--;,as observed as an interme-
diate in the decomposition of AIBN. This ketenimine can be isolated provided 
the decomposition of AIBN is carried out in a solvent, such as cyclohexane, 
in which AIBN and tetramethylsuccinonitrile (TMSN) are very slightly soluble. 
This intermediate forms and decomposes by consecutive first order reactions. 
Qecomposition of AIBN in liquid bromine yields no TMSN, the proposed 
product of nonradical decomposition of AIBN. 
That dimethyl-N-(2-cyano-2-propyl)-ketenimine decomposes to give free 
radicals was explicitly shown by the ability of ketenimine to initiate polymer-
ization of styrene. The efficiency of radical production from ketenimine is 
less than the AIBN efficiency. This implies that the solvent cage is looser in 
the AIBN decomposition. 
Rate constants for formation and decomposition of this ketenimine in the 
presence and absence of scavengers provide the basis for the hypothesis that 
the product ratio from the AIBN-produced cage favors ketenimine, while the 
product ratio from the ketenimine-produced cage favors TMSN. 
Formation of ketenimine in a loose AIBN cage may be explained by one of 
two paths. (1) Ketenimine may be produced by a nonradical decomposition of 
AIBN, or (2)AIBN may produce an azo radical and a 2-cyano-2-propyl radical 
on decomposition. These radicals would be expected to preferentially produce 
the ketenimine for steric reasons. 
!Doctoral thesis number 1907, submitted May 3, 1957. 
Chairman of Committee, George S. Hammond, Department of Chemistry. 
2B .A., Westmar College, LeMars, Iowa. 
Graduate Assistant, Industrial Science Re search Institute. 
280 ABSTRACTS OF DOCTORAL THESES, 1956-57 
ELECTRONIC SPECIFIC HEAT OF SODIUM TUNGSTEN BRONZE1 
Robert Wilson Vest2 
Depar¥nent of Chemistry 
The design and operation of a calorimeter for use in the temperature range 
l.8-4.2"K are presented, and the methods used in the treatment of data and 
calculation of results are discussed. 
The heat capacities of several sodium tungsten bronzes (NaxW03) were 
determined in the temperature interval 1. 8-4. 2"K. Samples having x equal to 
0.89, 0.81, 0.73, 0.65, and0.56were studied. The measured heat capacities 
are described adequately by the sum of two terms, one linear and one cubic 
in temperature. The electronic spceific heat of each sample is obtained by 
evaluating the coefficient of the linear term, and the Debye characteristic 
temperature derived from the coefficient of the cubic term. 
Densities of one-electron energy levels.at the Fermi energy, and effective 
electronic masses are calculated from the electronic specific heats. A plot of 
the density of states as a function of energy can be made if it is assumed that 
this curve is independent of sodium concentration. The justification of this 
assumption is discussed in the light of current theories of the solid state. The 
density of states curve rises rapidly at higher energies, and this rise is inter-
preted in terms of the filling of a Brillouin zone or of an overlap of two bands. 
lDoctoral thesis number 1886, submitted March 6, 1957. 
Chairman of Committee, Harley R. Wilhelm, Department of Chemistry. 
"B. S., Purdue University, Lafayette, Incliana. 
Research Assistant, Institute for Atomic Research. 
USE OF SOME COMPLEXES OF IRON, CERIUM, AND 
N-METHYL-3, 5-DIBROMOSALICYLALDIMINE IN 
ANALYTICAL CHEMISTR y 1 
Earl Preston Wadsworth, Jr.2 
Department of Chemistry 
Use was made of the strong complexes formed between iron(III) and phos-
phate to develop an improved method of solution for iron ores which is appli-
cable to those analyses in which the amalgamated zinc reductor is used. The 
undesirable properties of phosphoric acid as a solvent were overcome by 
using an equivolume mixture of 85 per cent phosphoric and 72 per cent per-
chloric acids as the ore solvent. Seventy-two per cent perchloric acid, 85 
per cent phosphoric acid, and mixtures containing 75 volume per cent of each 
of the acids were not as satisfactory as the equivolume mixture. The solvent 
mixture used satisfactorily dehydrated any silica present, did a more thorough 
job of removing iron from the silica present than hydrochloric acid, gave 
solutions satisfactory for reduction by the amalgamated zinc reductor, and 
dissolved those samples which were tested within 10 minutes. Analyses were 
!Doctoral theses number 1821, submitted July 11, 1956. 
Chairman of Committee, Charles A. Goetz, Department of Chemistry. 
"B.S., University of New Hampshire, Durham. M.S., ibid. 
Graduate Assistant, Department of Chemistry. 
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carried out on electrolytic iron, the National Bureau of Standards standard 
iron in iron ore' sample (no. 2 7), and a number of Standard Sample Company 
samples (Hach Chemical Company, Ames, Iowa). Satisfactory results were 
obtained. 
The potential of the cerium(ID)-cerium(IV) half-cell was considered in some 
detail with an attempt being made to locate a standard oxidation potential which 
was consistent with experimental data available in the literature. Calculations 
based on the sulfate and perchlorate systems yielded standard p:> tentials of 
-1. 79 and -1. 75 volts, respectively. The agreement may be considered as 
being good when the uncertainty in the constants for the various hydrolyzed 
(perchloric acid solutions) and complex species {sulfuric acid solutions) 
present is considered; the fact that the observed experimental potentials for 
sulfuric acid solutions of the couple vary from -1.44 to -1.42 volts, whereas 
those for perchloric acid solutions vary from approximately Cl. 70 volts to 
-1. 87 volts makes the above agreement even more satisfactory. Only quali-
tative success was obtained in the case of nitrate and chloride solutions of the 
couple. 
Recent years have witnessed a number of papers dealing with the rate of 
electron exchange between the cerium(ID) and cerium(IV) species in solutions 
containing nitric and perchloric acids. The results show that the exchange is 
measurably slow and that it is not appreciably catalyzed by bright platinum or 
platinized platinum. Such investigations have introduced serious doubts as to 
the thermodynamic reversibility of the cerium(ID)-cerium{IV) couple. The 
spontaneous decomposition of cerium (IV) solutiona containing perchloric, 
nitric, and hydrochloric acids makes the rate of the exchange reaction espe-
cially important. The rate of exchange must be very fast with respect to any 
spontaneous cell reactions if the cell is to be a reversible one. 
Evidence was presented which would place the standard oxidation potential 
of the cerium{III)-cerium{IV) couple at approximately -1. 75 volts if the cri-
teria of thermodynamic reversibility are satisfied. 
The use of N-methyl-3, 5-dibromosalicylaldimine as an analytical prec1p1-
tating agent was investigated in both alkaline aqueous media and slightly acidic 
acetone-water mixtures. The use of alkaline media was found to be extremely 
unsatisfactory in that selectivity, nature of the precipitate, and coprecipita-
tion of the reagent produced serious errors which could not be practically 
overcome. The use of slightly acidic acetone-water mixtures, although not 
completely satisfactory, did indicate promise for the use of the reagent for 
semimicro quantities of copper(II) provided that copper constituted a major 
constituent of the material being analyzed. Nickel(II), iron(II), andmercury(II) 
were also precipitated from weakly acidic acetone-water mixtures, but under 
such conditions that the presence of most transition metal impurities could 
not be tolerated. 
The nature of the precipitate (amorphous) as to filterability was poor in 
both alkaline aqueous and weakly acidic acetone-water solutions with the 
exception of the mercury(II) precipitate (crystalline). Precipitates weighing 
much more than 0.1 gram required impractical lengths of time for filtration. 
In all of those cases studied the precipitate contained two reagent molecules 
for each metal ion. ' 
The precipitates had the undesirable properties of poor filterability, and 
large coprecipitation errors. Desirable properties of the reagent included 
the extremely favorable gravimetric factors obtainable and the high relative 
selectivity possible in mixed organic-water solvents. 
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FUNGICIDAL EFFECT OF TRIETHYLENE GLYCOL VAPOR 
ON SPORES OF PENICILLIUM NOTATUM1 
Charles Bradley Ward, Jr. z 
Department of Dairy and Food Technology 
It was the purpose of this study to determine the extent of effectiveness 
of triethylene glycol {TEG) vapor upon spores of Penicillium notatum under 
various conditions. Also investigated were various aspects regarding the 
mechanism of action of TEG vapor. 
A static type of observation {noncontinuous air-flow) was used in conducting 
studies in an experimental chamber, and air samples were taken using sieve 
air-samplers {duBuy and Crisp, 1944) and settling plates simultaneously. TEG 
vaporization was by means of a commercial vaporizer (Glycoaire), allowing a 
maximum temperature of 200 °F applied momentarily to the TEG. The average 
particle size of the spores atomized from aqueous suspension throughout these 
studies was calculated to be 3.9 microns by use of Stokes' Law. 
Collection of spores, vapor treated and nonvapor treated, from the air and 
microscopic examination of them after various incubation periods indicated 
that about 87 per cent of air-borne spores of P. notatum exposed to TEG vapor 
for a period of 8 minutes did not germinate after 14 hours. Upon incubation 
of spores exposed for 23 minutes, it was found that in most cases 100 per cent 
of the spores failed to germinate after 5 days. It was concluded that spores 
of P. notatum were not merely settled by TEG, but that a killing effect was 
evide~ I 
Results of TEG vapor concentration studies indicated that at the relative 
humidities employed {about 50 per cent) the vapors of TEG were ,essentially 
ineffective against spores of P. notatum until approximately 2/3 saturation 
was reached. At about 3/4 saturation the vapor was as effective as at near-
saturation or at supersaturation. This is contrary to the findings of Mellady 
.and Bigg {1946}who reported that a TEG concentration of 10 to 35 micrograms 
per liter of air was necessary to produce rapid and complete killing. These 
concentrations are those of supersaturated atmospheres {Wise and Puck, 1947) 
at normal room temperatures. 
On testing relative humidities ranging from 15 to 90 per cent, the effective 
range of action for TEG vapors against the spores was found to be 35 to 60 
per cent with a rapid drop in action outside this range. Viable P. notatum 
spores disappeared from the air at a rate equivalent to about 16 air-changes 
per hour in the effective range of relative humidity. 
The effect of temperature was investigated only very briefly. A portion of 
a spore suspension was exposed to an atmosphere of supersaturated TEG 
vapor at 83°F and another portion to a similar atmosphere at 105°F. The 
killing rate at the higher temperature was more than double that at the lower. 
It should be mentioned, however, that the increased killing rate at the higher 
temperature could have resulted, in part, from the increased vulnerability of 
the spores because of incipient germination {4 hr in distilled water) prior to 
atomization. With the equipment used, temperature could not be controlled 
well. However, within the temperature range of the other data in this study 
{76 to 85 °F) the confounding effect of temperature difference is thought not to 
be serious, since some of the highest temperatures occurred in tests in which 
practically no killing resulted. In addition, results of similar experiments 
were averaged to reduce the effect of temperature variation. 
'Doctoral thesis number 1824, submitted July 11, 1956. 
Chairman of Committee, R.S. Allen, Department of Animal Husbandry. 
2B. S., University of Southern California, Los Angeles. 
M. S., Oklahoma Agricultural and Mechanical College, Stillwater. 
Graduate Assistant, Agricultural Experiment Station. 
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Spore particles of P. notatum {mean diameter about 5.4 microns), blown 
from an agar slant culture by means of air, were found to be killed. by TEG 
vapor. However, they proved more resistant (removed at rate equivalent to 
about 12 air-changes per hour) than spores atomized from aqueous suspension. 
Grun {1950) has reported formaldehyde as a component of TEG vapors, and 
has suggested it might be responsible for the bactericidal action of TEG. In 
the present study, while investigating the possibility that degradation products 
of TEG could be the effective fungicidal agents in TEG vapors, it was found 
that formaldehyde was present in TEG {Air Treatment Grade), in vapors of 
TEG taken from an experimental chamber, in vapors arising when TEG was 
heated in a boiling water bath while bubbling air through it, and in the residual 
TEG after vacuum distillation of a portion of the TEG. 
The existence of glyoxal {probably derived from glycolaldehyde because of 
the analytical method used) in TEG vapors or the liquid, even after distilling 
off half of the material under vacuum, was demonstrated by the absorption 
and chromatographic behavior of its 2, 4-dinitrophenylhydrazone. Other prob-
able dissociation products of TEG or possible products of further air oxidation 
were observed on paper chromatograms but were not identified, These prod-
ucts consisted of both mono- and dicarbonyl compounds {about 4 in all). 
Several cempounds which were postulated early in this study as possible 
degradation products of TEG {i.e., glycolaldehyde, glycolic acid, glyoxal, and 
glyoxylic acid) were tested as vapors {present in quantities to produce a visi-
ble fog) against spores of P. notatum. It was found that glycolaldehyde and 
glycolic acid were five to- six times as effective air disinfectants as TEG. 
Glyoxylic acid was found to be twice as effective, while glyoxal appeared to be 
of the same order of effectiveness. 
REFERENCES 
1. duBuy, H. G. and L. R. Crisp. 1944. A seive device for sampling air-
borne microorganisms. Public Health Rep. {U.S.) 59:829-832. 
2. Grun, L. 1950. Untersuchungen Uber die bakterizideWirkung verschie-
dener zur Luftenkeimung verwendeter Glykole und Uber ihren Wirkungs-
mechanismus. Zentr. Bakteriol. Parasitenk. I. Abt. Orig. 156:285-293. 
3, Mellody, Margaret and E. Bigg. 1946. The fungicidal action of triethylene 
glycol. Jour. Infectious Dis. 79:45-56. 
4. Wise, H. and T. T. Puck. 1947. Saturation concentrations of triethylene 
·glycol vapor at various relative humidities and temperatures. Science 
105:556-557. 
284 ABSTRACTS OF DOCTORAL THESES, 1956-57 
ECOLOGICAL STUDIES OF EUROPEAN CORN BORER POPULATIONS 
IN BOONE COUNTY, IOWA1 
Gerald Thomas Weekman2 
Department of Zoology and Entomology 
The purposes of this investigation have been to record the seasonal and 
annual populations of the European corn borer (Pyrausta nubilalis (Hbn.)) as 
they occur in Boone County, Iowa and to evaluate the various environmental 
conditions that influenced the borer populations in that area from 1954 through 
1956. 
Within the corporate boundaries of Boone County, 32 fields were selected 
randomly, two from each of 16 equal areas. In each field 20 plants were 
selected in two sites and marked for twice-weekly observations of the follow-
ing: corn borer oviposition, fate of all eggs deposited, the extended height of 
the corn plants, and the predators present on each plant. In addition the corn 
plant residue in three, 1/2000 acre samples taken at random in each field was 
examined to determine corn borer larval populations and survival at selected 
periods during each year. 
Observations of the seasonal development of the borer were also made 
during the growing season of each year to determine the value of temperature 
accumulation (degree days) as a method by which to predict the occurrence of 
the various stages in the life cycle. 
The percentage of parasitism in the overwintering corn borer larvae in 
Boone County was determined by rearing larvae that were collected during 
the fall population observations. 
As a result of these observations it was determined that average egg popu,-
lations during the spring oviposition period reached 162 egg masses per 100 
plants in 1954, 37 egg masses per 100 plants in 1955, and 46 egg masses per 
100 plants in 1956. 
Summer egg populations for the three seasons were: 642 egg masses per 
100 plants in 1954, 65 egg masses per 100 plants in 1955, and 42 egg masses 
per 100 plants in 1956. 
The computed survival of eggs deposited for each season was: in 1954, 9. 1 
per cent of the spring oviposition, and 4. 5 per cent of the summer oviposition. 
In 1955, 7. 6 per cent of the spring oviposition and 11. 5 per cent of the sum-
mer oviposition. Results in 1956 showed that 6.1 per cent of the spring 
oviposition and 18. 3 per cent cf the summer oviposition survived. 
The rate of plant growth as computed was 1. 8 inches per day in 1954, 1. 4 
inches per day in 1955, and 1. 6 inches per day in 1956. 
Predator populations averaged 0. 9 predator per plant during spring ovi-
position and 6.1 predators per plant during summer oviposition in 1954. In 
1955 predator populations averaged 0. 9 predator per plant and 6. 4 predators 
per plant during spring and summer oviposition, respectively. The 1956 
predator populations per plant were 1.4 predators at spring oviposition and 
22. 2 predators for summer oviposition. 
Spring populations observed in 32 fields planted to corn the previous year 
showed an average of 6,240, 12,000, and 840 live borers per acre for the 
1954, 1955, and 1956 seasons, respectively. 
Midseason populations of the borer as estimated on the average were: 223 
larvae per 100 plants in 1954, 44 larvae per 100 plants in 1955, and 43 larvae 
per 100 plants in 1956. 
lDoctoral thesis number 1913, submitted May 28, 1957. Chairman of 
Committee, Tom A. Brindley, Department of Zoology and Entomology. 
'"B.S., Gustavus Adolphus College, St. Peter, Minnesota. M.S., Iowa State 
College, Ames. Graduate Assistant, Agricultural Experiment Station. 
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Fall populations averaged 565 living larvae per 100 plants in 1954, 151 
larvae per 100 ;lants in 1955, and 188 larvae per 100 plants in 1956. 
Winter mortality as determined by comparison of the fall and spring popu-
lations of live corn borer larvae gave estimates of 80. 8 per cent in 1954-54, 
84.4 per cent in 1965-55, and 95. 6 per cent in 1955-56 seasons. 
Spring development as recorded for the three seasons was: first pupation 
occurred May 14 in 1954, April 29 in 1955, and May 21in1956. First emer-
gence of moths was observed May 31in1954, May 17 in 1955, and June 7 in 
1956; first oviposition was recorded June 14 in 1954, June 3 in 1955, and June 
8inl956. 
Summer pupation reached the rate of 80 per cent of midseason populations 
in 1954, 83 per cent in 1955, and 8 per cent in 1956. 
The percentages of parasitism were: 15. 9 per cent in 1954, and 16. 2 per 
cent in 1955. 
From the results given for the 1954, 1955, and 1956 seasons and an evalua-
tion of data from the 1950 through 1953 seasons the following generalizations 
seem valid: 
1. Cool wet springs such as experienced in 1950 and 1951 limit the corn 
borer population largely to a single oviposition ·period. That period occurs 
during June and early July. 
2. Hot dry periods which occur after the completion of spring oviposition 
as in 1956 will not adversely affect corn borer survival and subsequent corn 
borer populations. 
3. Accurate estimates of the occurrence of the various stages in the corn 
borer life cycle can be obtained by use of temperature accumulation based on 
a developmental threshold of 50 °F. 
4. Spring corn borer oviposition is positively correlated with the extended 
height of the corn plants at mid-oviposition as well as the rate of corn plant 
growth. 
5. Sampling techniques in which 20 plants are selected in two sites in each 
field gave adequate estimates of corn borer populations in those fields. 
PURIFICATION OF THORIUM BY SOLVENT EXTRACTION1 
Marvin E . Whatley2 
Department of Chemical Engineering 
Investigations were made of the solvent extraction of thorium nitrate with 
tributyl phosphate from aqueous solutions containing phosphate, sulfate, and 
nitric acid. It was the specific objective to develop a process to produce pure 
thorium from a thorium concentrate obtained by the selective precipitation of 
thorium phosphate from a monazite-sulfuric acid solution. 
A study of the effect of a diluent in the solvent mixture led to the choice 
of 80 per cent tributyl phosphate--20 per cent inert diluent. The effects of 
phosphate, sulfate, and nitric acid on the thorium distribution coefficient 
were studied in detail. The thorium distribution coefficient was greatly de-
creased by the presence of phosphate, decreased to a lesser extent by the 
presence of sulfate, and greatly increased by the presence of large amounts 
•Doctoral thesis number 1440, submitted July 13, 1953. Chairman of 
Committee, Morton Smutz, Department of Chemical Engineering. 
213.S., Louisiana State University, Baton Rouge. 
M.S., Iowa State College, Ames. 
Research Assistant, Ames Laboratory of the Atomic Energy Commission. 
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of nitric acid. It was found that, by the use of high concentrations of nitric 
acid, the detrimental effect of phosphate and sulfate could be overcome and 
thorium. extracted from solutions containing up to ZO grams per liter phos-
phate (P20 5) and/or sulfate. 
Because the use of 80 per cent tributyl phosp1';ote afforded only a small 
difference in density between the solvent and aqueous phases, it was neces-
sary to develop a mixer-settler with exceptionally good interface level control. 
The principle of operation and the design of both a laboratory glass unit and a 
box-type unit adaptable to industrial use are discussed. 
A pilot plant extractor was assembled and a continuous counter-current 
extraction run was made. The capacity of the unit was 0. 39 pounds of thorium 
per hour. The feed, containing about equal parts thorium and rare earths, 
was prepared from a thorium phosphate concentrate from the Ames monazite 
process. There were seven stages in the extraction section, nine stages in 
the scrub section, and five stages in the strip section. The recovery of tho~­
ium was 9Z per cent and the product thorium contained less than four parts 
per million total rare earths. The selection of operating conditions for the 
run and the interpretation of the data are discussed. 
A preliminary cost estimate was made of a process to purify thorium from 
the thorium concentrate from the Ames monazite process. The total conver-
sion cost for a production rate of five tons of thorium per month, was about 
,$z. 07 per pound of thorium. 
NATURE AND EFFECTS OF RESIDUAL SOIL NITROGEN1 
William Calvin White 2 
Department of Agronomy 
Field observations and experimental data have shown that nitrogen applied 
to corn in Iowa has increased yields of succeeding oat and corn crops. As is 
the case with any residual nutrient, the most important problems of utilizing 
residual nitrogen concern determining its quantities and forms in soil. The 
objectives of this study were to estimate the quantities of residual nitrogen 
resulting from fertilizer applied to corn and to determine its nature, namely, 
its form and location in soil. 
This study included investigations in the field, laboratory, and greenhouse. 
Field experiments were employed to measure effects of nitrogen applied to 
corn on the nitrogen content of soils to depths of at least Zl in. in the season 
applied and in the following season. They also served to measure effects 
from nitrogen applied to corn on grain, dry matter, and nitrogen yields of the 
succeeding oat crop. Carry-over of nitrogen was studied in soils of the Car-
rington, Webster, Cresco, Galva, Ida, Monona, Nicollet, Marshall, Sharps-
burg, and Edina series. In a greenhouse experiment, nitrogen enriched with 
NlS was applied to a Carrington silt loam having varying quantities of residual 
nitrogen in each of three depths resulting from nitrogen applied the previous 
year to corn. 
Procedures for estimating quantities of residual nitrogen under field and 
greenhouse conditions involved determining the rate of increase of nitrogen 
in oat plants with rates applied directly in the residual year. From this 
lDoctoral thesis number 1889, submitted March 11, 1957. 
Chairman of Committee, John Pesek, Department of Agronomy. 
28.S., Virginia Polytecynic Institute, Blacksburg. M.S., Iowa State College, 
Ames. Graduate Assistant, Agricultural Experiment Station. 
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information, expressed as the regression of nitrogen yield on nitrogen added 
directly, an increase in nitrogen yield over that obtained at the zero-residual 
level was expressed as a quantity of the directly applied nitrogen. Thus, the 
estimated residual quantities were evaluated in units of the nitrogen applied 
directly. 
There were three forms in which residual soil nitrogen was considered 
possible to occur. They were nitrifiable nitrogen in organic forms, ammoni-
um, and nitrate nitrogen. Consequently, nitrification rate tests were made 
for the first of these forms and chemical analyses of soil for the last two. 
Due to the fact that location of nitrates in soil is conditioned by movement of 
water through soil, the above three possible forms of residual nitrogen were 
studied in each of three soil depths, 0 to 6, 6 to 12, and 12 to 21 in. 
The largest measured oat grain yield increase resulting from residual 
nitrogen was 29 bu per acre on a Galva silt loam. This grain yield increase 
was obtained in 1953 where 180 lbs of nitrogen per acre were applied to corn 
in 1952. Effects of residual nitrogen from initial applications as small as 
40 lbs per acre were not generally statistically significant in experiments of 
this study. 
Methods using the linear regression of nitrogen yield of oats on nitrogen 
added directly in the residual year were applied successfully in estimating 
quantities of residual nitrogen in soil. Difficulties arising from interactions 
between levels of residual and directly applied nitrogen were pointed out and 
alternative procedures were employed using the regression data. 
Quantities of residual nitrogen estimated by means of the nitrogen yield 
regressions tended to increase as the initial rates of applications increased. 
The largest estimated quantity of residual nitrogen was 88 lbs per acre re-
sulting fr~ the 180-lb application in 1952 on the Galva silt loam mentioned 
above. This residual quantity was equivalent in effect to 49 per cent of the 
initial application. 
Under conditions of the experiments, residual nitrogen resulting from 
applications of chemical fertilizers appeared to be in the form of nitrates. 
No appreciable quantities of residual ammonium nitrogen could be found at the 
end of the corn season in which ammonium nitrate was applied, not in the fol-
lowing spring. Nitrification rates of soil one year after the initial applications 
also appeared to be unaffected by the initial fertilizer applications. 
An important characteristic of residual nitrogen found in this study was its 
location. With the exception of an Edina soil sampled in 1956, all soils in 
which significant quantities of residual nitrogen were found contained most of 
the residual nitrates in the 6 to 21-in. depth. In most of the soils studied, 
quantities of residual nitrates increased in order with the depths, 0 to 6, 6 to 
12, and 12 to 21 in. These results point out the inadequacy of samples taken 
from only the plow layer for providing estimates of residual nitrogen. 
Approximately 66 per cent of the quantities of residual nitrogen estimated 
by means of the nitrogen yield regressions could be accounted for by the 
residual quantities of nitrate nitrogen found in soil to a depth of 21 in. before 
growth of the oat crop. On the basis of the reported soil profile distribution 
of nitrates, there is reasc;m to believe that analyses of soil at a greater depth 
would have shown a larger quantity of residual nitrogen as nitrates. 
Multiple regression analyses, where nitrogen yields of oats were related 
to nitrate nitrogen in the.above three soil depths, and simple linear regres-
sions with single depths IJhowed a high correlation between effects of residual 
nitrogen on plants with those measured by soil nitrate analyses. Nitrogen 
yields of oats were more highly and more frequently correlated with residual 
nitrates in the 6 to 12 and 12 to 21-inch depths than in the plow.layer. Never-
theless, coefficients of regressions of nitrogen yield on soil nitrate nitrogen 
in the Oto 6-inch depth were greater than 2.0 in several experiments where 
large quantities of residual nitrates were below the surface depth. Thus, it 
appeared that quantities of nitrate nitrogen in the surface depth, even though 
they were small in comparison to those in other depths, resulted in increased 
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growth of roots that in turn enable<' plants to utilize the residual nitrates 
better in the sub-soil. The same reasoning appears feasible for observed 
positive interactions between levels of residual and directly applied nitrogen 
on plant yields. · 
Employment of isotopic nitrogen in the greenhouse experiment provided 
more positive evidence of the cause-and-effect relationship between residual 
soil nitrates and residual effects on plant yields than was possible to obtain 
from total nitrogen yield data. It allowed expressing the total nitrogen content 
of the harvested oat plants as a sum of nitrogen derived from that added 
directly, from soil nitrogen other than initial nitrates, and from initial soil 
nitrates. Increased nitrogen yields of oats, resulting from applications made 
a previous year to corn in the field, were largely due to quantities of residual 
nitrates in the 12 to 21-inch depth of the soil used. 
ELECTRICAL RESISTIVITY OF THIN FILMS OF POTASSIUM1 
David Gilbert Worden2 
Department of Physics 
The electrical resistivity of thin potassium filnis at 100°K has been meas-
ured as a function of thickness in the thickness range 148 to 1600 angstroms. 
The experimental results are in excellent agreement with Fuchs' theoretical 
predictions in the range 500 to 1600 angstroms and show that the scattering 
of the electrons at the filni surfaces is completely diffuse. Comparison of 
experimental and theoretical curves gives a bulk resistivity parameter of 
1. 85 microohm cm, a mean free path of 1180 angstroms, and an electron to 
atom density ratio of 1. 01. The fiin:,s were deposited 6n a pyrex substrate 
from a beam of potassium vapor in a vacuum chamber which had a pressure 
less than 5 x lo-8 mm of Hg. The filni thickness, in each case, was computed 
from a known beam intensity, exposure time, and filni density. A surface 
ionization detector was used to calibrate the beam intensity (J1 ) as a function 
of effusion oven temperature {T0 ). The linear plot of log {J1 T0~) versus T 0 - 1 
gave a heat of sublimation for potassium at 450°K of 21.1 kcal/mole in good 
agreement with B rewer 1 s value of 21. 4 kcal/mole within our experimental 
error. 
!Doctoral thesis number 1837, submitted August 10, 1956. 
Chairman of Committee, G. C. Danielson, Department of Physics. 
2A.B., Earlham College, Richmond, Indiana. 
Research Assistant, Ames Laboratory of the Atomic Energy Commission. 
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APPLICATION CF THE ROLLER-CRUSHER PRINCIPLE 
TO PROCESSING CORNCOBS' 
Roger Raymond Yoerger2 
Departments of Agricultural Engineering and of 
Theoretical and Applied Mechanics 
289 
The development of the Ames Cob Crusher offers a partial solution to the 
economical utilization of large quantities of corncobs on the farm where they 
are produced. This machine utilizes a roller-crusher mechanism to com-
press the corncobs laterally thereby causing them to break into longitudinal 
quarter sections. The quartered pieces are then passed through a sizing unit 
consisting of a toothed cylinder and concave arrangement for breaking the 
quarters into short lengths suitable for bedding and litter. 
A study was conducted to determine the relationship between the perform-
ance of the roller-crusher mechanism, the design of the mechanism andphys-
ical properties of the corncobs. The design variables of the mechanism in-
cluded crushing roll diameters, roll lengths, roll spacing, feeder bar spacing, 
roll speed, and speed ratio between the two individual rolls. The variable 
properties of the corncobs included corncob diameter, apparent wet specific 
weight and unit energy of compression required to accomplish quartering. 
The method of dimensional analysis was used in setting up the test proce-
dure. The application of the Buckingham Pi Theorem made it possible to 
reduce the number of arguments from the twelve variables involving the basic 
dimensions of force, length, and time to nine independent and dimensionless 
groups (Pi terms). An expression for the performance of the roller-crusher 
mechanism was then set up in terms of a function involving the nine Pi terms. 
The form of the function was .determined by a laboratory test procedure where 
all Pi terms, except two representing the independent and dependent variables 
we re held at a constant value. This procedure was carried out for each Pi 
term serving in turn as the independent variable. 
A roller-crusher test stand was constructed and instrumented to facilitate 
carrying out the test procedure to obtain a component equation for each of the 
individual Pi terms. The component equations were combined to produce the 
final prediction equation for the performance of the roller - crusher mechanism. 
The variables were all found to be separable and the general prediction equa-
tion· was formed by multiplication of the exponential component equations. 
The general prediction equation can be used to predict the performance of 
the roller-crusher mechanism for any combination of variables within the 
ranges considered in the study. The spacing between the roll surfaces was 
the most important factor influencing the energy requirement for quartering 
corncobs with the roller-crusher mechanism. The energy requirement for 
crushing corncobs 1. 04 inches in diameter was increased by 127 per cent as 
the roll spacing was decreased from 11/16 inch to 1/2 inch. The performance 
of the 8.62, 10. 75, and 12. 75 inch diameter crushing rolls was nearly equal 
from the standpoints of maximum capacity and energy requirement. Operat-
ing the crushing rolls at differential speeds resulted in a sizeable increase 
in energy requirement and a decrease in capacity. The energy requirement 
was also increased as the nu~er of feeding bars on the crushing rolls was 
increased. 
A second phase of the investigation was to evaluate the merit of the two 
I Doctoral thesis number 1914, submitted May 29, 1957. Chairmen of 
Committee, Kenneth K. Barnes, Department of Agricultural Engineering, 
and Glenn Murphy, Department of Theoretical and Applied Mechanics. 
2B. S., Iowa State College, Ames. M. S., ibid. 
Assistant Professor, Agricultural Engine~g. 
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stage reduction system for corncobs utilizing the roller-crusher mechanism 
to quarter the corncobs and a conventional farm grinder or the sizing unit 
from the Ames Cob Crusher for the final reduction. The performance of the 
various reduction processes were compared on the basis of total unit energy 
requirement, capacity, and fineness of product. A vertical burr grinder, 
horizontal burr grinder, and a hammermill, all typical of machines found on 
farms, were instrumented to determine the power required for grinding. 
Tests were conducted with each of the farm grinders listed above with whole 
corncobs containing 13. 87 per cent moisture and compared with similar tests 
in which the corncobs were passed through the roller-crusher unit before final 
reduction. The performance of the vertical burr mill was improved by pre-
crushing the corncobs with an increase in capacity up to 22. 3 per cent and a 
reduction in total energy required by as much as 24. 3 per cent. Pre-crushing 
the corncobs before final reduction showed less improvement with the hori-
zontal burr mill. This may be partially attributed to the rotating cob cutter 
and stationary concave arrangement used on this machine for feeding material 
to the burrs. The hammermill required more energy and had a lower capacity 
for processing the pre-crushed corncobs than for whole corncobs reduced to 
the same mean weight diameter. For a given screen size the product particle 
sizes were smaller when processing whole corncobs than those that had been 
pre-crushed. 
Processing pre-crushed corncobs with the sizing unit prod.uced a coarser 
product suitable for animal bedding and litter. The energy required by the 
unit was a minimum at about 375 revolutions per minute and as the speed was 
increased the energy requirement increased and the particle size decreased. 
The total energy requirement for processing corncobs with the roller-crusher 
and sizing unit was 1. 78 horsepower-hours per ton. 
The use of a roller-crusher mechanism for quartering corncobs prior to 
final reduction by a farm size burr grinder improved the performance from 
the standpoint of capacity and energy requirement. Pre-crushing did not im-
prove the performance of the farm size hammermill. 
DETERMINATION OF STREAMLINES USING 
A PHOTOVISCOUS FLUID1 
Donald Fredrick Young2 
Department of Theoretical and Applied Mechanics 
The object of the investigation is to determine the feasibility of using a 
photoviscous fluid for the quantitative prediction of general two-dimensional 
flow patterns around submerged bodies and to determine the, required tech-
niques. The emphasis is placed on the solution fo fluid mechanics problems 
from a phenomenological viewpoint and no attempt is made to explain the 
underlying reasons for the double refraction. 
The fluid used in the investigation is a solution of milling yellow dye and 
distilled water. Isoclinic and isochromatic patterns for two-dimensional flow 
around a circular cylinder, a half-body, and for parallel flow are obtained for 
several milling-yellow solutions at ,various rates of flow. For all tests the 
velocities are low so that inertia forces can be neglected. The geometry of 
lDoctoral thesis number 1867, submitted December 12, 1956. Chairman of 
Committee, Glenn Murphy, Department of Theoretical and Applied Mechanics. 
'B.S., Iowa State College, Ames. M.S., ibid. 
Assistant Professor. 
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the experimental apparatus is such that approximate solutions to the Newtonian 
equations describing the flow are known. An attempt is made to relate the 
optical patterns to various flow parameters, but no satisfactory correlation is 
obtained. For areas in the/fluid field where the directions of the principal 
stresses can be evaluated without recourse to the Newtonian relationships 
it is found that the optic axes in the fluid coincide with the principal stress 
directions. 
The existence of normal stresses, which cannot be accounted for from 
Newtonian theory, is proposed and experimental evidence is presented to 
support this idea. The magnitude of the apparent normal stress rate is cal-
culated and related to the apparent rate of strain. In general the experimental 
data indicate that the behavior of the milling yellow solution is non-Newtonian. 
A method is proposed for predicting the streamlines of two-dimensional 
flow around submerged bodies. In order to develop a satisfactory technique 
it is assumed that the optic axis in the fluid coincides with the principal stress 
directions and the magnitude of the maximum shearing stress is related to the 
retardation of the component light rays as they pass through the fluid. The 
proposed technique is not restricted to Newtonian fluids. The type of calibra-
tion data which is required for prediction is indicated and a suitable experi-
mental set-up is described. The method to be used in obtaining the stream-
lines from the experimental data is outlined. 
EFFECT OF PEREZIA PYRAUSTAE PAILLOT ON THE 
EUROPEAN CORN BORER, PYRAUSTA NUBILALIS (HlJBNER)1 
Harold Lincoln Zimmack2 
Department of Zoology and Entomology 
Early in 1952 two-fold difficulties were encountered in the European Corn 
Borer Research Laboratory, Ankeny, Iowa, when hibernating larvae of the 
European corn borer, Pyrausta nubilalis (Hubner), were incubated to provide 
eggs for laboratory insecticide tests. Larval mortality was high and emerged 
moths failed to lay a normal number of eggs. Dead larvae were submitted to 
Dr. E.A. Steinhaus, Head of the Division of Biological Control, University of 
California, Berkeley. Dr. Steinhaus identified several pathogens, among 
them an intracellular protozoan parasite, Perezia pyraustae Paillot (Sporozoa, 
Microsporidia, Nosematidae). ----
To determine the effect of the parasite upon the corn borer, the study was 
divided into three parts: (1) rearing experiments using synthetic food medium 
to rear infected and noninfected corn borers through one complete generation; 
(2) a study of egg production and longevity of infected and noninfected mated 
female moths; (3) histological studies of infected and noninfected corn borers 
in various stages of 111.evelopment to determine the systems infected and the 
extent and degree of infection. 
The synthetic medium employed in larval rearing experiments was a bacto-
agar carrier to which adequate nutritive constituents had been added. The 
medium was stable and did not require renewal during larval development. 
An aseptic technique was employed to minimize contamination of the medium. 
!Doctoral thesis number 1830, submitted July 23, 1956. 
Chairman of Committee, Tom A. Brindley, Department of Zoology and 
Entomology. 
213. S. Ed., Eastern Illinois State College, Clarleston. M. S., Iowa State 
College, Ames. Graduate Assistant, Division of Science. 
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Copulating moths were captured in a large outdoor cage at the Ankeny Ex-
periment Station. The cage contained corn borer-infested stalks from Polk 
County, Iowa. Each captured pair ,was placed in individual oviposition cham-
bers and data on egg production and. longevity were recorded. 
Histological sections on all stages of diseased corn borers were prepared 
and analyzed. All corn borers tha~ were prepared for histological evaluations 
were reared on the synthetic medium and were obtained from egg masses laid 
by infected females. Some of these eggs were naturally infected and some 
were not infected. 
A total of 360 hatched first instar larvae were reared on uncontaminated 
synthetic food medium. In the diseased group 56 per cent developed into 
adults as compared with 77 per cent of the uninfected group. Dead corn borers 
were dissected and examin.ed microscopically to determine whether or not 
_!'.. pyraustae was present. Emerged male and female moths were paired and 
fecundity and longevity data were recorded. Infected moths averaged three 
days shorter life and produced an average of 39 less eggs than uninfected 
moths. Although mortality was Zl per cent higher in the diseased group, the 
rearing experiments showed that as in field conditions, larvae infected with 
_!'.. pyraustae can develop into moths that can mate and produce fertile eggs. 
Fecundity and longevity data on copulating moths collected at the Ankeny 
Experiment Station showed that the Perezia-infected moths compared with the 
uninfected moths averaged three days shorter life, nine fewer egg masses and 
laid 47 per cent fewer eggs. 
Histological evidence of transovarial transmission of the parasite was 
demonstrated in the ovary of the corn borer.~· pyraustae spores were shown 
passing from the region of infected nurse cells into the developing oocyte. 
Diseased males did not play any part in the transmission of the disease through 
copulation with uninfected females. 
The Malphighian tubules were the chief site of infection in the host. Usually 
infection in these organs was absent or light during the first and second instar 
stages but increased rapidly in subsequent development. The digestive tract 
was infected in more than half of the infected specimens. The cellular ele-
ments of the nervous system were infected in the majority of the corn borers. 
Silk glands were often infected. The 'reproductive system was infected in 
more than one-third of th.e moths. The following structures in the European 
corn borer, for the first time, have been recorded parasitized infrequently by 
_!'.. P)rraustae: the integument, muscles, fat body, and salivary glands. 
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zirconium system with emphasis on 
high temperature X-ray techniques. 
Metallurgy. 
GILBERT, DEWAYNE EVERETT 
Plant population changes during the 
establishment of alfalfa. Agronany. 
GLESS, ELMER ELDEN 
Insecticidal control of the chicken 
body louse, Menacanthus stramineus 
(Nitz), (Mallophaga) on range turkeys. 
Zoology and Entomology. 
GOODWIN, JAMES MORROW 
A least squares approximation. 
Mathematics. 
GORDON, WILLIAM ALVIN 
Emission spectrometric determination 
of oxygen in titanium metal and 
titanium alloys. Chemistry. 
GRABE, GLADYS MARIE 
Relationships among interest in 
teaching home economics, attitude 
toward teaching and personal back-
ground factors. Home Econanics 
Education. 
GREGORY, GAROLD FAY 
Studies on a toxin produced by 
Helminthosporium victoriae. Botany. 
HAMMOND, HCWARD RAY 
Professional attitudes and interests 
of Iowa industrial arts teachers. 
Vocational Education. 
,HANKA, LADISLAV JAMES 
Observations on estrus in the cow 
~ (2 ill!:!:!!) • Anima 1 Husbandry. 
HARIX:OPF, ROBERT WILLIAM 
Managerial efficiency in cooperative 
elevators. Economics and Sociology. 
HARDER, VIRGINIA HOUGAARD 
A values inventory for freshman 
college women. Home Econanics 
Education. 
HARDY, MAMIE LOO 
Choices of cotton clothing for boys 
in a rural area of Iowa. Textiles 
and Clothing. 
HARP, JOHN 
Differential participation of members 
in cooperatives in communities of 
Iowa and Manitoba. Economics and 
Sociology. 
HARRIS, JEAN MARIE 
Fakability of scores of the Johnson 
Home Economics Interest Inventory for 
three occupations. Home Economics 
Education. 
HASKELL, HENRY HAMILTON 
Gluing properties of tension wood in 
Eastern Cottonwood using cross-lap 
and block shear test specimens. 
Forestry. 
HATCH, CHARLES 
Effect of fleece contaminants on 
activity of nine blowfly larvicides. 
Veterinary Pathology. 
HAYES, JOHN BERNARD 
Pre-Pennsylvanian unconf orrnities of 
El Paso County, Colorado. Geology. 
HAYES, JOHNNIE 
Relationship of selected factors to 
problems of Negro high school pupils. 
Vocational Education. 
HEABERLIN, MARGARET VANGORP 
Pre-test of college students' know-
ledge of costume design and selection. 
Textiles and Clothing. 
HENDERSON, EARL MAYNARD 
Influence of high school vocational 
agriculture on the establishment of 
graduates in farming. Vocational 
Education. 
HERRICK, DAVID EDWIN 
Tractive force required to skid 
hardwood logs. Forestry. 
HETIEL, HENRY JOHN 
Quantitative separation of small 
amounts of rare earths from thorium 
, by ion exchange. Chemistry. 
'1 HIEMSTRA, STEPHEN J. 
Forecasting quarterly sow farrowings. 
Econanics and Sociology. 
HOFFMANN, FRAOCES CAREY 
Differentiation of home economics 
seniors from other senior women by 
Johnson Home Economics Interest 
Inventory. Hane Econanics Education. 
HOGANSON, JOHN HENRY 
Operating characteristics of a 
uranium graphite subcritical assembly 
with coolant simulation. Engineering. 
HOGSETT, MELVIN LEE 
Genetic covariance analysis of egg pro-
duction,egg weight, and mature body 
weight in domestic fo~l. Poultry Husbandry. 
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HOLMES, JOHN CAMERON 
Effect of nitrogen, stand and geno-
type on leaf composition and corn 
yield. Agronomy. 
HOOVER, JAMES MYRON 
Effect of organic cations on the 
compressive strength of southwestern 
Iowa loess. Civil Engineering. 
HOWELL, GRACE ELEANOR 
Changes in student-child interaction 
during an elementary child development 
course. Child Development. 
HUEPENBECKER, AGATHA LOUISE 
Factors that influence mothers and 
sons in the selection of boys' 
slacks and shirts. Textiles and 
Clothing. 
HUNTER, DONALD 
Thermal stress analysis of a cylinder 
of semi-plastic material. Engineering. 
IRWIN, FREDERICK GEORGE 
Shear strength of prestressed concrete 
I-beams without web reinforcement. 
Civil Engineering. 
JACKSON, RAY DEAN 
Determination of thermal diffusivity 
of moist soil. Agronomy. 
JACOBSON, BERNARD 
Clusters of responses to a personality 
inventory which are typical of 
creative engineers. Psychology. 
JOHNSON, ANCEL MERINGUS 
Effects of weather conditions on the 
winter activity of Mearns Cottontail 
(Sylvilagus f loridanus mearnsi Allen) 
in Decatur County, Iowa. Zoology 
and Entomology. 
JOHNSON, CONWELL WINSTON 
Supplementary plane of nutrition for 
sows fed corn silage. Animal 
Husbandry. 
JONES, KEITH RICHARD 
Heritability and dominance estimates 
for quantitative characters in oats. 
Agronomy. 
KASPERBAUER, MICHAEL JCl-IN 
Relationship of high school vocational 
agriculture and military service to 
establishment of graduates in farming. 
Vocational Education. 
KEENEY, MARTIN GLEN 
Scattering matrix approach to the 
measurement of resonant cavity Q. 
Electrical Engineering. 
KING, ARTHUR MICHAEL 
Relative yields of photoneutron-
produced isomeric states of bromine-BO. 
Chemistry. 
KINNEY, WAYNE LOI/ELL 
Application of vector computation and 
mapping techniques to analysis 
sampled-date servomechanism performance. 
Electrical Engineering. 
KISER, CHARLES ANTHONY 
Feasibility of a compact axial flow 
nuclear heat exchanger. Engineering. 
KNAPP, LESTER LEROY 
Solvent extraction equilibria for 
rare earth nitrate-tributyl phosphate 
systems. Metallurgy. 
KNUDSON, RUTH BLANCHARD 
Attitudes of international students 
toward their experience at Iowa State 
College. Technical Journalism. 
KOEPER, MARVIN CLAPPER 
Feeding diethylstilbestrol in beef 
making. Animal Husbandry. 
KRANE, scarT ARNOLD 
Maximum likelihood estimation from 
incomplete date for continuous 
distributions. Statistics. 
KUNDEL, BONNIE RAE 
Prediction of rapport between student 
teacher and pupils. Home Econanics 
Education. 
LANDY, ARNEY 
Program memory system for an airborne 
digital computer. Electrial Engineer-
ing. 
LARSON, HAROLD JOSERi 
Biases in prediction by regression for 
certain incompletely specified models. 
Statistics. 
LAI.CK, ROBERT MORGAN 
Some properties of the cathepsins of 
bovine muscle. Food Technology. 
LAUTERBACH, LEWIS GuY 
Occupational status of graduates of the 
Department of Vocational Agriculture 
of Osage High School. Vocational 
Education. 
LEARY, ROBERT EUGENE 
Electronic effects on elimination 
reactions. Chemistry. 
LEONARD, NANCY CALVIN 
Development of a mother-infant inter-
action scale. Child Development. 
LOPES, SUSANA 
Recommendations for equipping home 
econanic s departments in Puerto Rico. 
Home Econanics Education. 
LORCH, ELOISE 
Heat penetration and weight loss of 
beef broiled with infrared quartz 
lamps and with conventional electric 
coil unit. Household Equipment. 
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LOJE, GERALD DEAN 
Appraisal of a proposed interstate 
highway at Sioux City, Iowa. Civil 
Engineering. 
LU, LE WU 
Stabilization of loess and till in 
Iowa with dolomitic &nd calcitic 
lime. Civil Engineering. 
LU::HSINGER, ELAINE KI NG 
Factors related to changes in farm 
family dwellings of the North Central 
Region, 1940-1950. Home Management. 
MADDY, PAUL EUGENE 
Relationship of size of class and 
method of teaching to achievement in 
Economics 233 at Iowa State College. 
Vocational Education. 
MAKI, MARJORIE MEYER 
Effects of two types of supplements 
on diet and physical development of 
girls 8 to 14 years old. Food and 
Nutrition. 
MARKUS, RUBEN 
Inheritance of an exposed stigma 
mutant in alfalfa, Medicago ~. L. 
Agronomy. 
MANION, THOMAS OTHELLO JR. 
Automation and its impact on selected i 
industrial education programs. ~ 
Vocational Education. 
MASON, RONAL BRYAN 
Androgen and the insositol content 
of male accessory organs of the rat. 
Animal Husbandry. 
MATHEWS, JEROLD CHASE 
Irrational canonical matrices. 
Mathematics. 
McCASLAND, WILLIAM HUGH 
Moment contours for a bridge abutment 
wingwall of constant thickness. 
Civil Engineering. 
McCOY, MICHAEL ARMSTRONG 
A reactor using U02-NaK slurry. 
Engineering. 
McDONALD, JOHN ROBERT 
Setting characteristics of 11Schlanmie11 
type bituminous slurries. Civil 
Engineering. 
McLEOD, HERBERT EUGENE 
Effects of paddle tip-clearance on 
performance of a forage blower. 
A!jil'icultural Engineering. 
McMURRY, EARL WILLIAM 
Beta spectrum of Tb16°. Physics. 
MEISEL, ARIE-! 
Electrical analogue of flow to tile 
drains under drawdown conditions. 
Agricultural Engineering. 
MERGL, RICHARD ANTON 
Ganmia ray reflection. Engineering. 
MILLARD, PERCY ALBERT 
Apprasial of the educational program 
of the Gowrie High School.Vocational 
Education. 
MILLER, ROGER ERVIN 
Heat capacities of two gadolinium 
alloys. Physics. 
MILLS, DAVID HARLCW 
The fakability of the taylor scale 
of manifest anxiety in a college 
population. Psychology. 
MONSON, EARL MERRILL 
Stress distribution in the anchorage 
zone of a prestressed concrete I-beam. 
Civil Engineering. 
MOREN, RICHARD I. 
Influence of anxiety level, position 
cue and task difficulty in verbal 
discrimination learning. Psychology. 
MORRISON, ROBERT FLOYD 
Matching indices for use in forced-
choice scale construction. Psychology. 
MUELLER, RAY ARTHUR 
Corncobs, stilbestrol and fat for 
fattening lambs. Animal Husbandry. 
MUMMA, HARRY FISHER 
Bearing capacity of piles by formulas 
and load tests. Civil Engineering. 
MUNSON, ARVID WASHBURN 
Relationship of carcass measurements 
and production factors in swine. 
Animal Husbandry. 
MUNSON, GORDON FRANK 
Effect of machine record cards on 
response to a mail solicitation of 
funds. Technical Journalism. 
NIETO, JORGE H. 
Competetive effects of annual grass 
weeds under various conditions of 
corn production. Botany. 
NISHINA, YUICHIRO 
Measurement of minority carrier 
lifetimes in semiconductors. Physics. 
NITSAN, JOSEPH ABRAHAM 
Statistical techniques in lamb-
feeding experiments. Statistics. 
OBENG, HENRY BENJAMIN 
Residual effects of phosphorus and 
potassium fertilizers on the yield 
and mineral content of corn and oats. 
Agronomy. · 
OEDY, RICHARD JOSEPH 
Deflection of rectilinear plates. 
Mathematics. 1 
01LAUGHLIN, JERCME WILLIAM 
Spectrophotometric determination of 
ruthenium with 1,10-Phenanthroline. 
Chemistry. 
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OLESON, KENNETH S. 
Evaluation of college achievement for 
Des Moines Public High School graduates 
entering Iowa State College. 
Vocational Education. 
PALMER, DAVID B. 
Relative performance of some blind 
inlets above subsurface drains. 
Agricultural Engineering. 
PATTERSON, REBA ANN 
Three-year retention of classroom 
and television learning. Psychology. 
PAVELIS, JANICE LAVONNE 
Relation of reproductive performance 
and tissue composition of pregnant 
rats and selected dietary factors. 
Food and Nutrition. 
PAZ, MARIO 
Approximations in analysis of v,arious 
tests in pooling procedures. 
Statistics. 
PHILLIPS, EUGENE JR. 
Recommended practices for the design 
and operation of diatomite water 
filters. Civil Engineering. 
PICKENPAUGH, MELBA ELOISE 
Nutriture of school girls of very 
heavy and of medium physiques. Food 
and Nutrition. 
PICKETT, DAYTON STANLEY 
Stresses and deflections in shop 
strutted flexible pipe culverts. 
Civil Engineering. 
PIERRET, JAMES A. 
Caustic fusion of columbite-tantalite 
concentrates with subsequent separa-
tion of niobium and tantalum. 
Chemistry. 
PIRKO, PAUL CARL 
Pigment changes in beef during storage. 
Food Technology. 
PLATONOS, CHRISTOS CHRISTOS 
Udder scores as an aid in evaluating 
dairy cattle. Animal Husbandry. 
POETSCH, ERNST 
Soil profile variations in alluvium. 
Agronomy. 
POIROT, JULIA ANNE 
Use of available sources of homemaking 
information by rural homemakers in 
Iowa. Home Economics Education. 
PON:E, PAUL V. 
Ultraviolet inactivation spectrum of 
bacteriophage lambda. Physics. 
POSPISIL, JOSERi LEE 
Stress concentration in a notched 
specimen of brittle material subjected 
to triaxial loading. Theoretical and 
Applied Mechanics. 
RAUN, ARTHUR PHILLIP 
Availability of phosphorus to rumin-
ants from various phosphorus supple-
ments. Animal Husbandry. 
REID, RICHARD JAMES 
Nodal shift measurement of scatter 
coefficients. Electrical Engineering. 
RICHLEN, ELLSWORTH MARK 
Profile characteristics of depression 
topography soils in Humboldt County, 
Iowa. Agronomy. 
ROBERTS, TED ALAN 
Differential effects of anxiety on 
scholastic achievement. Psychology. 
ROBLEY, ASA AUSTIN 
Usefulness of high school mathematics 
and science in predicting first-
qua rter achievement of engineering 
freshmen at Iowa State College. 
Vocational Education. 
RUCH, RICHARD JULIUS 
Properties of complete and depleted 
monomolecular films. Chemistry. 
RUSH, FRAN:IS EUGENE 
Petrography and physical properties 
of some devonian limestones of Iowa. 
Geology. 
SANDBERG, OLE Ra.IER JR. 
Efficiency of resource use in farming 
in southeastern Norway. Economics 
and Sociology. 
SANFIORENZO, JOHN HAYWARD 
Difference in milk production in 
Puerto Rico among native, barbados 
and cross-bred goats. Animal 
Husbandry. 
SCHAUER, RALPH FLOYD 
Parity check for the cyclone magnetic 
drum storage system. Electrical 
Engineering. 
SCHEtx:H, FRIEDRICH 
Estimates of genetic varability and 
heritability of shelling percentage in 
maize. Agronomy. 
SEATCN, VAUGHN ALLEN 
Histopathology of pulmonary adeno-
matosis in Iowa cattle. Veterinary 
Pathology. 
SEGAL, ROBERT 
Effect of calcium-magnesium ratio of 
lime reactivity with fly ash. Civil 
Engineering. 
SELL, CHARLES ELMER 
Lime-fly ash ratio and admixture 
content versus strength of stabilized 
sandy and silty soils. Civil Engineer-
ing. 
SHERMAN, FREDERICK WILLIAM JR. 
Influence of plant layout on worker 
efficiency. Industrial Engineering. 
MASTERS' THESES, 1956-1957 301 
SHOEMAKER, HOWARD EDWIN 
Pyrometallurgical separation of 
uranium from thorium. Chemistry. 
SKINNER, JAMES RUDOLPH 
Nitrate production and total nitrogen 
in soils as affected by crop rotation 
and soil type. Agronomy. 
)>MITH, CHARLES 
V Relations among live and carcass 
measurements in beef cattle. Animal 
Husbandry. 
SMITH, JAMES DOUGLAS 
Competitive abilities of normal and 
alien substitution gametes in wheat. 
Genetics. 
SPOONER, JOHN LAWREOCE 
Differential spectrophotometric 
determination of rare earths. 
Chemistry. 
STALEY, JERALD LELAND 
Amount of stilbestrol needed to 
stimulate gains in fattening cattle. 
Animal Husbandry. 
STANLEY, LU:::ILLE ANSTEY 
Effects of teaching nutrition to 
fourth grade pupils in Davenport, 
Iowa. Home Economics Education. 
STEVENSON, PAUL NELSON 
Influence of high school vocational 
agriculture on farm mechanics pract-
ices used by students previous to 
enrolling at Iowa State College. 
Vocational Education. 
STEWART, WILLIAM WARREN 
Needs and interests of out-of-school 
young farmers in the Postville com-
munity. Vocational Education. 
STIPO, VITO DONALD 
Evaluation of the humped-back groin in 
coastal protection. Civil Engineering. 
SWANSON, CLIFFORD O. 
Factors associated with traffic death 
rates. Vocational Education. 
TEDFORD, HELEN HAMMOND 
Parental acceptance as perceived by 
the child and his parents. Child 
Development. 
TELES, RENATO FIUZA 
Differences in selected religious 
beliefs associated with age. 
Vocational Education. 
TENNISON, PATSY ANN 
Test for determining the ability of 
tenth-grade pupils to apply general-
izations in housing. Home Economics 
Education. 
THORELL, MARTA LISBET 
Influence of certain dietary fats on 
amount and distribution of body fat in 
the adult male rat. Food and Nutrition. 
THUMMA, HARRY RUSSELL 
Soil moisture and temperature re-
lationships in wide-row corn inter-
planted with forage. Agronomy. 
TOWNSEND, CHARLES LEE 
Root-locus method for compensating a 
system containing complex poles. 
Electrical Engineering. 
TRAFTON, CLARK WRIGHT 
An extension of Hensell 1 s lemma to 
topological modules. Mathematics. 
TUN, KYI 
Burmese rice price policy. Economics 
and Sociology. 
VOLAND, MAURICE EARL 
Factors related to participation in 
an extension program. Economics and 
Sociology. 
VON KROSIGK, CARL MAX 
Effect of inbreeding on production in 
Holsteins. Animal Husbandry. 
VORIS, JOHN CALVIN 
Factors influencing the summer road-
side count of the cottontail rabbit 
(Sylvilagus f loridanus mearnsi) in 
south-central Iowa. Zoology and 
Entomology. 
WALLACE, DUANE CONRAD 
Specific heat of high purity iron by 
a pulse heating method. Physics. 
WELCH, DEANE ELLIOTT 
Effect of fly ash on strength of 
Portland cement stabilized soils. 
Agronomy. 
WESCOAT, WENDELL MAYNARD 
Attitudes of farm-reared male graduates 
of the Ogden High School toward agri-
cultural programs. Vocational 
Education. 
WHADE, ENID ELAINE 
Money resources used for farm pro-
duction and family consumption by 
selected Iowa families. Home Manage-
ment. 
WHITEFORD, ROBERT DANIEL 
Macroscopic and microscopic anatomy of 
the canine eye from birth to two years 
of age. Veterinary Anatomy. 
WICKSTRCM, ALDEN EUGENE 
Geological and engineering properties 
of fine-grained sands' of eastern Iowa. 
Geology. 
WILLIAMS, TESS MERN 
A rating scale for clearance of 
motion pictures for use on television. 
Technical Journalism. 
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WILLIAMS, WILLIAM HOllARD 
Post stratification estimates for 
multistage samples. Statistics. 
WILLSIE, ROGER H. 
Compensation as a means for obtaining 
improvements on rented land in western 
Iowa. Economics and Sociology. 
WILSON, JOHN 
Relations between the daughter average 
and the average of their dams in the 
proof of Holstein-Friesian sires. 
Animal Husbandry. 
WClll.AUER, GABRIELE ELISABETH 
The structure of palladium dimethyl-
glyoxime. Chemistry. 
WOLFE, HAROLD EUGENE 
Flow of an aqueous slurry through a 
vertical tube. Theoretical and Applied 
Mechanics. 
WOLFE, WILLIAM BARTOW 
Gamma ray scattering within thin-
walled shells. Engineering. 
YAO, YI MING 
Estimation of evaporation from wa~er 
surfaces in Iowa. Agronomy. ' 
Degree Master of Landscape Architecture 
KAWAMOTO, MITSUO 
Some factors influencing the location 
of the Mississippi River Parkway and 
parkways in .Iowa. 
KREISER, HAROLD ROY 
Landscape architectural design of 
the cemetery. 
303 
PUBLICATIONS OF MEMBERS OF THE STAFF 
OF THE IONA STATE COLLEGE FOR 
THE ACADEMIC YEAR 1956-57 
Certain summaries and indices are of interest in a survey of the publications of 
members of the staff of an educational anp research institution such as the Iowa State 
College, The publications are listed in alphabetic order under the names of the senior 
authort, Junior authors are also listed alj»habetically with cross reference to senior 
author. 
SUMMARY 
Number of individuals listed. • • • • • 
Number of publications ••••••••• 
Number of publications with single author 
Number of publications with joint authorship. 
780 
769 
301 
468 
Number of departments or fields represented in publications 
Number of individuals who serve as editors or on the editorial 
46 
staff of one or more scientific or tech~ical periodicals. , , 43 
Individuals thus serving are: Atkins, Ayres, Baker, M.P., Bear, Becker, Biester, Black, 
Bolton, Brown, F.E., Buchanan, Carlander, Davis, Diehl, Dwelle, Errington, Fassel, 
Fox, F.A., Getty, Gowen, Ha111nond, Heady, Heer, Hurley, Johnson, I.J., Kempthorne, 
Kenkel, Kirkham, Kuetemeyer, Kutish, Lockhart, Pesek, Pierre, Royer, Snedecor, Sprague, 
Sullivan, Swanson, Swenson, C.A., SwensoA, M.J., Tintner, Van Horn, Weber, Werkman. 
INDEX TO PUBLICATIONS BY DEPARTMENTS OR FIELDS 
The numbers which follow the names of the departments refer to the index numbers of 
the alphabetic list by authors. 
Aeronatical Engineering: Total 1 -
Number 433. 
Agricultural Engineering: Total 20 -
Numbers 10, 44, i64, 165, 169, 17e; 260 
421, 422, 423, 439, 515, 516, 555, 556, 557 
566, 632, 650, 675. 
Agronomy: Total 101 - Numbers 9, 18, 19 
41, 42, 56, 75, 98, 99, 100, 107' 136 
148, 171, 180, 184, 185, 190, 191, 217, 226 
227, 228, 229, 230, 235, 236, 237, 238, 239 
240, 241, 248, 252, 295, 316, 317, 332, 349 
350, 351, 352, 36o, 380, 411, 413, 440, 441 
442, 455, 456, 472, 473, 494, 495, 534, 535 
550, 551, 56o, 562, 583, 584, 585, 621, 625 
629, 630, 633, 634, 635, 636, 640, 645, 646 
651, 675, 676, 677, 678, 681, 682, 683, 684 
685, 686, 687, 688, 689, 697, 698, 709, 710 
741, 747, 749, 750, 751, 752, 753, 757. 
Animal Husbandry: Total 41 - Numbers 3'; 26 
29;:, 48, ~ 74,'' 7oi 71; 127; 128~ 142;, 143 
148, 205,-218.,J249;'·334i 335; 344;' -;64-,! 381 , 
382;'387) 388, ·436, 437, 438, 457 ,-498, 499 
519,\f.;38, 'S95/ 597, 598;. 599;' 6oJJ, 6o4> 634 
670, 680, 706. 
Bacteriology: Total 18 - Numbers 6, 26, 48 
112, ll3, ll4, 128, 142, 221, 344, 355, 356 
357, 358, 57>, 597, 598, 599. 
Botany: Total 6o - Numbers l, 15, 16 
17, 49, 54, 60, 66, 69, 108, 186 
192, 197, 198, 199, 200, 201, 202, 203 
214, 235, 238, 239, 240, 251, 293, 294 
305, 306, 359, 396, 402, 403, 404, 405 
406, 429, 430, 431, 432, 441, 513, 545 
562, 582, 592, 654, 655, 675, 676, 677 
699, 732, 737, 749, 750, 751, 752, 753 
758. 
Chemical Engineering: Total 9 - Numbers 
ll, 12, 13, 90, 91, 126, 474, 475 
476. 
Chemistry: Total 124 - Numbers 3, 20 
24, 32, 33, 34, 35, 36, 37' 38 
51, 76, 102, 103, 104, 105, 111, 138 
157, 166, 167, 175, 178, 182, 183, 208 
209, 223, 224, 233, 234, 243, 244, 245 
21;6, 247, 256, 263, 264, 265, 266, 267 
268, 269, 270, 271, 272, 273, 274, 275 
276, 277, 278, 279, 280, 281, 282, 283 
284, 285, 286, 287, 288, 289, 290, 291 
292, 309, 330, 331, 336, 337, 340, 341 
345, 346, 347, 348,·4~4. 426, 435, 446 
447, 448, 449, 450, 480, 481, 482, 502 
544, 547, 548, 552, 553, 559, 570, 571 
572, 586, 587, 596, 622, 623, 624, 626 
627, 628, 658, 659, 66o, 666, 6f!?, 668 
669, 693, 694, 695, 727, 728, 743, 744 
745, 746. 
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Child Development: Total 12 - Numbers 118 Mechanical Engineering: Total 6 - Numbers 
119, 120, 121, 122, 123, 124, 361, 362, J6J 210, 211, 212, 311, Jl2, 674. 
576, 580. Modern Languages - Total 1 - Number 546 
Civil Engineering: Total 13 - Numbers 6, 57 Physics: Total 27 - Numbers 7, 45, 46 
58, 59, 149, 221, 296, J42, 34J, 407, 489 47, 65, 78, 95, 96, 125, 141, 256 
558, 690. 297, 298, 299, Joe, 301, JJ6, J37, JJ8 
Dairy Industry: Total 14 - Numbers 22, 23 JJ9, 458, 468, 469, 496, 497, 641, 701 
39, 9J, 94, 219, 225, J5J, 354, 425,1 479 r Physical Education-Women: Total 2 -
518, 738, 7J9. \ Numbers 319, J20. 
Econo~cs and Sq9iol~y: !,otal ,?6 -!um;>e1s. ,Poultry Husbandry: Total 8 - Numbers 29 
28, 30~ Jl, 52, 53, 55, 56, 71, 10~ JO, Jl, 40, 159, 369, 370, 436. 
130, 131>. 1J2j" 172", 17.3, 176, 222;-' 225c.; 249-IPsychology: Total 14 - Numbers 147, 19J 
250~J JOJ;" Jot;;' 365'; J66,• J67, 368·, J69; J70 231, 2J2, 242, 500, 501, 540, 541, 542 
371,J 372;' J73, 374i J75'~ 376;•377; J78, J79 ( 6J9, 691, 696, 7Jl. 
380',.i 381-l 382, 392,,415f416, 417,_, 4181 454',Statistics: Total 44 - Numbers 5, 76 
467, 487,, ~51.2o,._;517,)22>. 536; 5J7,,558, 563 77, 92, 174, 216, 2J6, 2J7, 250, J03 
5641:}65, 588~ 589, 647, 648., 649, 70?', 712 304., J27, 328, 329, 408, 409, 410, 411 
713, 714t 715, 717, ~718, 719, 721, 122,. 72J 412, 413, 438, 452, 457, 462, 463, 464 
724;· 725, 726~ 740. 465, 466, 534, 540, 541, 542, 591, 614 
Electrical Engineering: Total 10 - Numbers 79 615, 662, 6&0, 721, 722, 72J, 724, 726 
151, 152, 153, 154, 155, 156, 220, 419, 420 755, 756. 
Engineering Drawing: Total 2 - Numbers 610 Technical Journalism: Total 4 - Numbers 
611. J84, 531, 729, 730. 
English and Speech: Total 5 - Numbers 424 
526, 527, 528, 763. 
Food and Nutrition: Total 8 - Numbers 14, 40 
310, 355, 5JO, 579, 614, 615. 
Food Technology: Total 1 - Number 425. 
Forestry: Total 4 - Numbers 4, 69, 7J7, 764 
Genetics: Total 9 - Numbers 62, 86, 87, 88 
400, 401, 671, 672, 673. 
Geology: Total 5 - Numbers 33J, 427, 504, 690 
708. 
History, Government and Philosophy: 
Total 7 - Numbers 80, 81, 82, 83, 84 
150, 313. 
Home Economics Education: Total 4 - Numbers 
520, 521, 579, 580. 
Home Management: Total 4 - Numbers 72, 7J 
511, 54J. 
Horticulture: Total 15 - Numbers 158, 412 
451, 458a,471, 490, 491, 523, 524, 525, 568 
590, 591, 720, 732. 
Household Equipment: Total 2 - Numbers 70 
734. 
Institution Management: Total 4 - Numbers 21 
179, 543, 692. 
Library: Total 2 - Numbers 101, 574. 
Mathematics: Total 8 - Numbers 2, 255, 261 
508, 642, 643, 679, 759. 
Textiles and Clothing: Total 3 - Numbers 
97' 187' 59J. 
Theoretical and Applied Mechanics: 
Total 2 - Numbers 145, 262. 
Veterinary Anatomy: Total J -
Numbers 89, 257, 258. 
Veterinary Hygiene: Total 2 -
Numbers 59, 601. 
Veterinary Medicine and Surgery: 
Total 2 - Numbers 601, 602. 
Veterinary Pathology: Total 2 -
Numbers 6ol, 602. 
Veterinary Physiology and Pharmacology: 
Tota 1 4 - Numbers J07, 308, 445, 600 
Veterinary Obstetrics: Total 1 -
Number 514. 
Vocational Education: Total 10 - Numbers 
109, 110, 115, 116, 117, J83, 393, J94 
J95, 555. 
Zoology and Entomology: Total 70 -
Numbers 8, 25, 61, 62, lJJ, 1J4 
1J5, 16o, 161, 162, 168, 177, 188, 189 
194, 195, 196, 206, 207, 21J, J21, J22 
J2J, J24, J25, J26, J85, J89, J90, J91 
452, 45J, 459, 46o, 461, 477, 478, 484 
485, 486, 488, 505, 506, 507, 509, 510 
539, 554, 561, 569, 577, 581, 6o5, 606 
607, 608, 609, 618, 6Jl, 702, 70J, 704 
705, 716, 7J2, 7JJ, 748, 765, 767. 
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INDEX BY RESEARCH INSTITUTES AND EXTENSION SERVICES 
Agricultural Experiment Station: 
Total 272 - Numbers 3, 
9, 10, 18, 19, 24, 25, 
29, 30, 31, 40, 44, 48, 
55, 58, 60, 66, 69, 70, 
75, 76, 77, 86, 87, 88, 
97, 98, 99, 100, 107, 108, 
121, 122, 123, 124, 128, 130, 
159, 164, 1'11, 176, 179, 180, 
190, 192, 194, 198, 199, 203, 
224, 225, 235, 236, 237, 238, 
248, 249, 250, 253, 254, 294, 
316, 332, 334, 335, 344, 353, 
363, 364, 365, 366, 367, 368, 
373, 374, 375, 376, 377, 378, 
387, 388, 389, 390, 391, 396, 
405, 4o6, 408, 409, 410, 411, 
416, 425, 426, 428, 429, 432, 
440, 441, 442, 452, 453, 455, 
465, 466, 471, 472, 473, 478, 
505, 507, 509, 510, 511, 512, 
523, 530, 534, 536, 537, 538, 
560, 562, 566, 573, 591, 592, 
597, 598, 599, 603, 604, 605, 
617, 618, 625, 630, 631, 632, 
644, 647, 648, 649, 651, 653, 
671, 672, 673, 676, 677, 680, 
7r:f7, 709, 710, 717, 718, 719, 
726, 737, 741, 749, 750, 751, 
760, 761, 762, 764. 
Agricultural and Home Economics 
4, 5, 8 
26, 27, 28 
52, 53, 54 
72, 73, 74 
92, 93, 94 
ll8, ll9, 120 
131, 132, 144 
186, 188, 189 
204, 205, 223 
239' 240, 241 
303' 306, 310 
354, 361, 362 
369, 370, 372 
379' 381, 382 
401, 403, 404 
412, 413, 415 
436, 437, 438 
456, 463, 464 
487, 492, 493 
515' 518, 522 
549, 551, 552 
593, 594, 595 
614, 615, 616 
634, 637, 640 
654, 655, 670 
693, 697, 7o6 
722, 723, 724 
752, 755, 756 
Extension Service: Total 53 - Numbers 27 
54, 67, 68, 97, 106, 127, 148, 158, 164 
187, 204, 310, 322, 324, 326, 349, 377, 387 
428, 441, 457, 483, 492, 493, 517, 554, 563 
573, 585, 593, 594, 6o6, 612, 613, 616, 629 
644, 653, 681, 682, 683, 684, 685, 686, 687 
688, 689, 732, 741, 760, 761, 762. 
Engineering 
Numbers 
59, 85, 
221, 262, 
489, 576, 
Experiment Station: Total 29-
6, 7, 11, 12, 13, 57 
90, 91, 145, 163, 218, 220 
296, 342, 343, 4r:f7, 419, 454 
663, 664, 665, 674, 690. 
Engineering Extension Service: Total 5-
Numbers 140, 149, 386, 503, 620. 
Industrial Science Research Institute: 
Total 45 - Numbers 6, 51, 61, 62 
63, 92, 133, 134, 135, 178, 213, 221 
263, 265, 268, 277, 280, 281, 282, 283 
284, 285, 289, 290, 292, 392, 417, 418 
477, 500, 501, 5r:f7, 577, 597, 598, 599 
608, 609, 626, 627, 628, 7r:f7, 733, 755 
756. 
Institute for Atomic Research: Total 103• 
Numbers 15, 16, 17, 20, 32, 33 
34, 35, 36, 37, 38, 43, 47, 50 
64, 65, 71, 78, 125, 137, 138, 146 
157, 166, 167, 175, 181, 182, 183, 208 
209, 215, 243, 244, 245, 246, 251, 256 
259, 297, 302, 309, 314, 315, 330, 331 
336, 337, 338, 339, 345, 346, 347, 348 
401, 414, 434, 443, 444, 458, 468, 469 
470, 474, 475, 476, 480, 481, 482, 496 
497, 502, 529, 544, 553, 559, 582, 586 
587, 596, 622, 623, 624, 652, 658, 659 
660, 666, 667, 668, 669, 671, 672, 673 
691, 694, 695, 696, 701, 735, 736, 754 
766. 
Statistical Laboratory: total 30 -
Numbers 5, 92, 216, 236, 237, 250 
327, 328; 329, 408, 409, 410, 411, 412 
413, 438, 462, 463, 464, 465, 466, 534 
591, 614, 722, 723, 724, 726, 755, 756 
Veterinary Medical Research Institute: 
Total 9 - Numbers 129, 397, 398, 399 
532, 533, 637, 638, 700. 
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Adams, G.I., joint author. See under Banks. 
Aikman, J.H., joint author. See under Hendrickson. 
1. Aikman, J.M. and Robert F. Thorne. The Gayler Prairie, an ecologic and 
taxonomic study of a northwest Iowa prairie. Proc. Iowa Acad. Sci. 
.§.2: 177-200. 1956. 
Albers, F.G., joint author. See under Corbett. 
Alkinson, C.H., joint author. See under Rourke. 
2. Allen, E.S. A probability theory for the condensation of A-R-B 2 units. 
Jour. Polymer Sci. 21: 349-352. 1956. 
__ , Collaborator, Biological Abstracts. 
Allen, O.N., joint author. See under Parker. 
J. Allen, R.M. and A.L. McComb. Rooting of cottonwood cuttings. Southern 
Forest Exp. Sta., Forest Serv., U.S.D.A. Gccasional paper 151. 10 pp. 
1956. 
4, Allen, R:.S., N.L. Jacobson, Ruth M. Ward, and J.H. Zaletel. The effect 
of various dietary lipids on the blood plasma polyunsaturated fatty 
acids of dairy calves. Jour. Dairy Sci. 39:1161-1169. 1956. 
__ , joint author. See under Blake, Bloom. 
5. Altman, L. B. Jr. and E.H. Jebe. A new formula for determining electric 
load characteristics. in: Rural Electrification Magazine 15: 18 ff. 
1957. 
6. Ambrose, H. Jr., E.R. Baumann, and E.B. Fowler. Three tracer methods for 
determining detention times in primary clarifiers. Sewage and 
Ir.;dustrial Wastes 29: 24-33. 1957. 
__ , joint author:- See under Fowler. 
7. Amme, R.G. and Sam Legvold. Sound dispersion in halo-methane mixtures. 
,our. Chem. Physics. 26:514-517. 1957. 
8. Anderson, M.A. and E.L. Baum. How your neighbors use fertilizer. Iowa 
Farm Science. 11: 510-512. 1957. 
__ , joint author. ~~ Heady. 
9. Anderson, S.R. and D.S. Metcalfe. Seed yields of birdsfoot trefoil 
(Lotus corniculatus l·l as affected by pre-harvest clipping and by 
growing in association with three adapted grasses. Agron. Jour. 
!J:9. (1):52-55. 1957. 
Apel, G., joint author. See under Svec. 
10. Armstrong, R.E. and D.O. Hull. Farm custom rates for 1957. Iowa Farm 
Science. 11 (7): 18-19. 1957. 
__ , joint author. See under Gurry. 
11. Arnold, L.K. and P.R. Hsia. Solvent extraction of wax and ursolic acid 
from cranberry skins. Indust. and Engineer. Chem. !J:9.:36o-363. 1957. 
12. and R.K. Rao. Alcoholic extraction of vegetable oils. 
III. Solubilities of babassu, coconut, olive, palm, rapeseed, and 
sunflower seed oils in aqueous ethanol. Jour. Amer. Oil Chem. Soc. 
33:389-391. 1956. 
13. and W.E. Rowe. Extraction of corn oil by three petroleum 
----;;:;!vents. Jour. Amer. Oii Chem. Soc. J2:396-399. 1956. 
14. Arnrich, Lotte, M.R. Nelson, M.R. Gram, and A.F. Morgan. Effect of 
adrenal hormones on carbohydr<\'te metabolism in riboflavin and 
pantothenic acid-deficient dogs. Amer. Jour. Physlol. 186:427-434. 1956. 
15. Aronoff, S. Experiments on the biogenesis of the pyridine ring in 
higher plants. Plant Physiol., l!_:J55-357. 1956. 
16. __ Biogenesis of cyclic nitrogenous compounds. in: Atomic Energy 
Comm. TID-7512 11A conference o,n radioactive isotopes in agriculture" 
PP• 61-71. 1957. 
17. __ • Photosynthesis. Bot. Rev. 23:65-107. 1957. 
__ , joint author. See under Gag;;; Perkins. 
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Ashton, G.C., joint author. See under Baker, Barnhart, Hays, Quinn, 
Speer. 
18. Atkins, R.E., J.G. Wheat, K.J. Frey, and E.S. Dyas. Iowa winter and 
spring wheat variety tests, 1951-56. Agron. Dept. leaflet 386 
(mimeo.) .1956. 
19. --'--'--'--' Iowa barley and flax variety tests, 1951-56. 
Agron. Dept. leaflet 387 (mimeo.). 1956. 
__ , joint author. See under Frey, Kalton, Murphy. 
__ , Editorial Review Board. Agronomy Journal. 
20. Atoji, M., J.W. Richardson, and R.E. Rundle. On the crystal structures 
of magnus salts, Pt(NH3 ) 4 PtC14 • Jour. Amer. Chem. Soc. 79:3017-3020. 
1957. 
21. Augustine, Grace and Ann Hunter. School lunch portions to meet 
children's needs. Jour. Amer. Dietetic Assoc. ;21:2. 1957. 
__ , joint author. See under Donaldson, McKinley. 
22. Ayres, J.C. and Betty Taylor. Effect of temperature on microbial 
proliferation in shell eggs. Appl. Microbiol. ~:346-359. 1956. 
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23. , H.W. Walker, M.J. Fanelli, A.W. King, and Fred Thomas. Use of 
---;;;tibiotics in prolonging storage life of dressed chicken. Food Technol • 
.1.Q: 563-568. 1956. 
--' 
--' 
--' 
joint author. See under Banwart, G.J., Kraft, Walker. 
Member of Editorial Board. Applied Microbiology. 
Associate Editor. Food Technology. 
Bailey, D.M., joint author.~~ Smith, J.F. 
24, Bailey, J.M. and Dexter French. The significance of multiple reactions 
in enzyme-polymer systems. Jour. Biol. Chem. 226:1-14. 1956. 
25. Bailey, R.W. A revised ltst of the fishes of Iowa with keys for 
identification. \i!}: Iowa Fish and Fishing. £y: Harlan, James R. 
and Everett B. Speaker. Ed. 3 pp. 327-377. 1956. 
Baker, D.L., joint author. See under Ramsey. 
Baker, M.P., Associate Editor. Journal of Milk and Food Technology. 
26. Baker, R.O., D.J. Lewis, R.W. Wilbur, P.A. Hartman, V.C. Speer, 
G.C. Ashton, and D.V. Catron. Supplementation of baby pig diets with 
enzymes. Jour. Animal Sci • .]2:1245. 1956. 
__ , joint author. ~under Balloun, Catron. 
27. Bakke, A.L. and E. P. Sylwester. The control of poison ivy. Proc. 
Iowa Acad, Sci. _22:359-363. 1956. 
28. Ball, A.G., E.O. Heady, and R.V. Baumann. Economic evaluation of use 
of soil conservation and improvement practices in western Iowa. 
u.s.D.A. 91 PP· 1957. 
29. Balloun, S.L. and Roy O. Baker. Lack of response of chicks to proteolytic 
enzyme supplementation. Poultry. Sci. 36:302~303. 1957. 
/
JO. __ , G.W.Dean, and E.O. Heady. Least•cost rations for turkeys. 
Iowa Farm Scien_ce. ll(il): 5-8. 1956. 
, and Earl O. Heady. Least-cost rations for broilers, Iowa Farm 
~ence. 11:322-324· 1956. 
__ , joint author. See under Heady, Johnson, C.W.,Quinn. 
Baltensperger, A.A., joint author. See under Kalton. 
Bancroft, I.A., joint author. See under Bozivich, Fleming, A.A., 
McGuire. 
32. Banks, Charles v. and Clara I. Adams. The preparation of 3,4-Bis(2-Furyl)-
1,2,5-oxadiazole. Jour. Organ. Chem. 21:815. 1956. 
33. , and Ramon E. Bisque. Spectrophotometric determination of zinc 
--;;;ct other metals witha,ll_, Y,.1-tetraphenylporphine. Analyt. Chem. 
29:522-526. 1957. 
34. __ , P.G. Grimes, and R. I. Bystroff. Cell corrections in precision 
colorimetry. Analyt. Chim. Acta • .!2.:367-372. 1956. 
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35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
47. 
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__ , and D.W. Klingman. Spectrophotometric determination of rare 
earth mixtures. Analyt. Chim. Acta. 12.:356-363. 1956. 
__ , and J.W. 01 Laughlin. Determination of'cerium and chromium in 
cerium-chromium-uranium mixtures. Analyt. Chem. ~:1338-1340. 1956. 
__ , J. L. Spooner, ~nd J .W. 01 Laughlin. Differential spectro-
photometric determination of neodymium in neodymium-yttrium mixtures. 
Analyt. Chem. ~:1894-1897. 1956. 
__ , and Joseph Zimmerman. The Ka 2 values of sulfoacetic and 
3-sulfopropionic acids. Jour. Organ. Chem. ~:1439-1440. 1956. 
__ , joint author. See under Margerum. 
Banwart, G.J. and J.C. Ayres. The effect of pH on the growth of 
Salmonella and functional properties of liquid egg white. Food 
Tech. 11:244-246. 1957. 
Banwart, S.F., A.F. Carlin, and O.J. Cotterill. Flavor of untreated, 
oiled, and thermostabilized shell eggs after storage at 34° F. 
Food Tech. 11:200-204. 1957. -
Barger, Gerald L. Research in weather and agriculture in the North 
Central re'gionc (NC-26). U.S.D.C., Weather Bureau, and U.S.D.A. in: 
Proc. of Conf. on weather-Agriculture Res. in ttie Great Plains. 
pp. 18-20. 1957, October. 
, and R.H; Shaw. Soil moisture situation, 1957. Iowa Farm 
~ence. 11(7):11-12. 1957. 
__ , joint author. See under Elford, Shaw. 
Barghusen, J.J. and M. Smutz. Production of thorium compounds. 
A.E.C. Res. and Develop. Rept. ISC-755. 34 pp. 1956. 
Barnes, K.K. and H.P. Johnson. A runoff sampler for large watersheds. 
Part II. Design of field installation. Ag. Engr. 37:813-815, 824. 
Barnes, R.G. and S.L. Segel. Dimerization of solid Group IIIB 
trihalides. I. Bromine nuclear quadrupole resonance spectrum of 
A1Br3 • Jour. Chem. Physics. 25:180. 1956. 
__ , __ • Dimerization of solid Group IIIB trihalides. II. Iodine 
nuclear quadrupole resonance spectra of AlI 3 , GaI 3 , and InI 3 • 
Jour. Chem. Physics. 25:57&-579. 1956. 
--'--' P.J. Bray>°'and P.A. Casabella. Dimerization of solid 
Group IIIB trihalides. III. Bromine, gallium, and indium quadrupole 
resonances in GaBr3 , InBr3 , and InI 3 • Jour. Chem. Physics. 26: 
1345-1346. 1957. 
_c _, joint author. See under Bray, Casabella, Segel. 
48. Barnhart, C.E., D.V. Catron, G.C. Ashton, and L.Y. Quinn. Effects 
of dietary pantothenic acid levels on the weanling pig. Jour. 
49. 
50. 
51. 
--J 53. 
54. 
Animal Sci. 16:396-403. 1957. 
Barrier, G.E. and W.E. Loomis. Absorption and translocation of 
2,4-dichlorophenozyacetic acid. Plant Physiol. ~:225-231. 1957. 
Barson, F., S. Legvold, and F. H. Spedding. Thermal expansion of rare 
earth metals. PhY$• Rev. 105:418-424. 1957. 
Bartell, L. s. and R. J. Ruch. The wetting of monomolecular layers. 
Jour. Phys. Chem • .§9:1231-1234. 1956. 
Bartholomew, W.V., joint author. See under Fribourg, Sabey. 
Bartley, E.E., joint author. See under Radisson. 
Basmann, R.L. A comment on sane recent criticisms of modern demand 
theory. Schweizerische Zeitschrift fur Volkswirtschaft and 
Statistik. ~:184-190. 1956. 
__ , A generalized classical method of linear estimations of co-
efficients in a structural equation. Econometrica 25:77-83. 1957. 
Bass, L. N. and E.P. Sylwester. Influence of time of application of 
2,4-D, 2,4,5-T and DDT on Kentucky Bluegrass seed germination and 
pasture weed populations. Proc. Iowa Acad. Sci • .§.2:233-246. 1~6. 
Bath, J.A., joint author. See under Truesdell. 
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55, Baum, E.L. and E.O. Heady. Overall consideration of fertilizer use. 
1£!: Economic and Technical Analysis of Fertilizer Use. pp. 125-134· 
1957. 
56. , , J. T. Pesek, and C. G. Hildreth. Fertilizer innovations 
--;;;ct r~ce use. Ed. 1. 393 pp. Iowa State College Press. 1957. 
__ , joint author. See un.der Anderson, M.A., Heady. 
57. Baumann, E.R. Iiatomite filters for municipalities. Jour, Amer. Water 
Works Assoc. !.2:174-186. 1957. 
58. __ , Water treatment for various demands and purposes. 1£!: Iowa's 
Water Resources. Ed. 1. 8 pp. Iowa State College Press. 1956. 
59. ~~-' M.T. Skodji, R.A. Packer, Earl Douglas, and Stanley Held. 
Survival of swine disease organisms in the heat treatment of garbage. 
Iowa Eng. Exp. Sta. Bull. 179. ll4 pp. 1957. 
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__ , joint author. See under Ambrose, Cleasley, Fowler, Morgan, Oulman, 
Timmons. 
Baumann, R.V., joint author. See under Ball, Orazem. 
60. Baxter, J.W. Cercospora black stem of alfalfa. Rlytopath. 4§: 398-400, 
1956. 
Beal, R.W., joint auUoor. See under Gilkey. 
Bear, R.S., Editorial Board. Journal of Biophysical and Biochemical 
Cytology. 
61. Becker, E.R. Catalog of Eimeriidae in genera occurring in vertebrates 
and not requiring intermediate hosts. Iowa State Coll. Jour, Sci. 
21:85-139. 1956. 
62. __ , W.F. Hollander, and w,q, Pattillo. Naturally occurring Plasmodium 
and Haemoproteus infection in the common pigeon. Jour. Parasitol. 
~:474-478. 1956. 
63, __ , W.J. Zimmermann, W.H. Pattillo, and J.N. Farmer. Measurements of 
unsporulated oocysts of~ acervulina, g. ~. g. tenella, and 
g. !!!.iJ.!.§., coccidian parasites of the common fowl. Iowa State Coll. 
Jour. Sci. 11_:79-84. 1956. 
__ , joint author. See under Van Doorninck. 
, Board of Editors. Journal of Morphology. 
, Board of Editors. Journal of Protozoology. 
Beerntsen, D.J., joint author. See under Peterson. 
64, Behrendt, D.R., S. Legvold, and F.H. Spedding. Magnetic properties of 
neodymium single crystals. Phys. Rev. 106:723-725. 1957. 
65. Belford, G., L.J. Laslett, and J,N. Snyder. Table pertaining to 
solutions of a Hill equation. Mathematical ·iables and other Aids to 
Computation. 11•79-81,110. 1957. 
66. Bell, M.E. Histology of the maize plant in relation to susceptibility to 
the European corn borer. Iowa State Coll. Jour. Sci. 21.•9-17. Aug. 
1956. 
Beneke, R.R., joint author. See under Everett, Wallace. 
67. BE.nnett, W.F. Soil tests--guides to good soil management. Iowa Farm 
Science. 11•308-310. 1956. 
68. --• How to take a soil sample. Iowa Farm Science. 11•325-327. 1956. 
__ , joint author. See under Hanway. 
69. Bens end, D.W. Tension wood and cottonwood--Its effects and properties. 
The Ames Forester. 4!.:14-18. 1957. 
Bersohn, R., joint author. See under Bray, 
70. Beveridge, Elizabeth and Eloise Lorch, Infrared quartz lamps for 
broiling. Jour. Home Econ. ft2:182-186, 1957. 
71. Beyer, G.H. and R.B. Edwards. Flooding characteristics of a pulse 
extraction column. i!!• Reactor Operational Problems, D.J. Hughes, 
Stuart McLain, and Clark Williams, Editors. Sect. 2. pp. 102-110. 
Pergamon Press, New York, London, Paris. 1957. 
~~-• joint author. See under Jacobsen. 
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Biester, H.E., Associate Editor. Cornell Veterinarian. 
Bindschadler, E., joint author. See under Jones, R.G. 
Bird, E.W., joint author. See under Lusas. 
Bisque, R.E., joint author. Ses und.!1£ Banks. 
72. Bivens, G.E. and M. I. Listpn. Credit--Tool or Trap? Iowa Farm Science. 
1.1:69&-698. 1957. 
73. , • Production credit--Frienri or Foe? Iowa Farm Science. J.1.: 
~-506. 1957. 
__ , joint author. See under Liston. 
Black, C.A., joint author. ~~ Guttay, McCants. 
__ , Gonsulting Editor. Soil Science. 
74. Blake, J.T., R.S. Allen, and N.L. Jacobson. The influence of various 
factors on surface tension and pH of rumen fluid. Jour. Animal Sci. 
16: 190-200. 1957. 
75. Blaser, R.E., R.C. Hammes, H.T. Brayant, C.M. Kincaid, W.H. Skrdla, 
T.H. Taylor, and W.L. Griffeth. The value of forage species and 
mixtures for fattening steers. Agron. Jour. ~:508-513. 1956. 
76. Bloom, S., N.L. Jacobson, R.S. Allen, L.D. McGilliard, and P.G. Homeyer. 
Effects of various hay:concentrate ratios on nutrient utilization and 
production responses of dairy cows. II. Observations on ration 
digestibility and on the excretion pattern of chromic oxide. Jour. 
Dairy Sci. 4Q:240-251. 1957. 
77. --'--' L.D. McGilliard, P.G. Homeyer, and E.O. Heady. Effects 
of various hay:concentrate ratios on nutrient utilization and pro-
duction responses of dairy cows. I. Relationships among feeding le~el, 
predicted producing ability, and milk production. Jour. Dairy Sci. 
4Q: 81-94. 1957. 
__ , joint author. See under Heady. 
78. Blue, M.D. and G.C. Danielson. Electrical properties of arc-evaporated 
carbon films. Jour. Appl. Physics. ~:583-586. 1957. 
Blume, D., joint author. See under Jones, R.G. 
79. Boast, W.B. Principles of electric and magnetic circuits. Ed. 2. 
~69 PP• Harper and Brothers. 1,957. 
, joint author. See under Fouad. 
80. Boles, Donald E. The admiiiistration of higher education in Wisconsin. 
Jour. Higher Educ. 3J.:427-439. 1956. 
81. __ • Public hearings and the rule making process in Wisconsin: The 
Conversation Commission. Marquette Law Rev. 4Q:167-189. 1956. 
82. __ • The post-hearing stage of the administrative rule making process 
in Wisconsin: The Conservation Commission. Marquette Law Rev. 
4Q: 251-277. 1956. 
83. • Burmese governmental organizations: A Speculative View. World 
---p;ffairs Quarterly. 3J.:369-382. 1957. 
84. __ and H. c. Cook. County reforms proposed in Iowa. Natl. Municipal 
Rev. !t.§:307-308. 1957. 
85. Bolton, John H. How one state is tackling its local material problems. 
Roads and Streets. ,22(10):61,62,68,69,71,74. 
__ , Editor. Iowa Engineering Experiment Station publications. 
Bornong, B., joint author. See under Dui.o. 
86. Bowen, S.T., J.W. Gowen, and O.E. Tauber. Cortisone and mortality in 
mouse typhoid. I. Effect of hormone dosage and time of injection. 
Proc. Soc. Exp. Biol. and Med. '1f±:47&-479. 1957. 
87. --'--'---· Cortisone and mortality in mouse typhoid. II. Effect 
of environmental temperature. Proc. Soc. Exp. Biol. and Med. '1f±: 
479-482. 1957. 
88. __ , __ , __ • Cortisone and mortality in mouse typhoid. III. Effect 
of natural and acquired immunity. Proc. Soc. Exp. Biol. and Med. 
'1f±:482-485. 1957. 
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89, Bowne, J.G. and R. Getty. A simple device for carrying multiple pieces 
of tissue through reagents from the fixative into the paraffin block. 
Amer. Jour. Vet. Res. 17:552-554. 1956. 
90. 
__ , joint author. See under Getty. 
Bowring, J.R., joint author. See under Gartner. 
Boylan, D.R. New developments in fertilizer technology. Commercial 
Fertilizer. _24(5) :24-33. 1957. 
311 
91. and M.A. Larson. Fertilizer by fusion of phosphate rock and gypsum. 
A9r°ic. and Food Chem, 2(2):104-108. 1957. 
92. Bozivich, Helen, T.A. Bancroft, and H.O. Hartley. Power of analysis of 
variance test procedures for certain incompletely specified models, I. 
Ann. Math. Statistics. 27:1017-1043, 1956. 
Bragonier, W.H., joint author. See under Johnson, I.J. 
Brandner, C.E., joint author. ~~Ramsey. 
Brannen, C.G., joint author. See under Gilman, H. 
93. Brandsaeter, E. and F.E. Nelson. Proteolysis by Lactobacillus casei. 
I. Proteinase activity. Jour. Bact. 72:68-72. 1956. 
94, , , Proteolysis by Lactobacillus casei. II. Peptidase activity. 
Jour. Bact. E:73-78. 1956. --
Brant, A.W., joint author. ~....!!.!!2!.!: Kraft. 
95, Bray, P.J., R.G. Barnes, and R. Bersohn. Pure quadrupole resonances in 
multichlorobenzenes. Jour. Chem. Riysics. 25:813-818. 1956. 
96. , G. 01 Keefe, and R.G. Barnes. As75 pure quadrupole resonance in 
--;y;;thetic claudetite. Jour. Chem. Physics. 25:792-793. 1956. 
__ , joint author. See under Barnes, R.G., Casabella, Segel. 
Brayant, H.T., joint author. ~under Blaser. 
97. Brehm, Lillian. Pattern measurements are now standard. Iowa Farm 
Science. 1.1:371-374. 1956. 
Brewer, J.E., joint author. See under Gartner. 
Brindley, T.A., joint author. See under Cox, Lovely, McGuire. 
98. Briggle, L.W. Interaction of cytoplasm and genes in male-sterile corn 
crosses. Agron. Jour. ~:569-573. 1956, 
99, Brigham, R.D. and M.M. Hoover, Jr. A scarifying cup for small lots of 
legume seed. Agron. Jour. !t§:531-532. 1956. 
100. Brissom, D.B. and R.R. Kalton. Inheritance of combining ability for 
forage traits in bromegrass (Bromus inermis Leyss). Agron. Jour. 
!t§:289-293. 1956. 
101. 
102. 
103. 
104. 
1C)5. 
1 o6. 
Brown, Charles H. Scientific serials: Characteristics and lists of 
most cited publications in mathematics, physics, chemistry, ,geology, 
physiology, botany, zoology, and entomology. Assoc. Coll. and Ref. 
Libraries, Chicago, Ill. ACRL Monograph No. 16. 189 pp. 1956. 
Brown, F.E. Astatine in: The Encyclopedia of Chemistry. Clark-Hawley. 
Ed. 1. Reinhold Publishing Corporation. PP• 109-110. 1957. 
__ Hydrogen Sulfide. l!!= The Encyclopedia of Chemistry. Clark-Hawley. 
Ed. 1. Reinhold Publishing Corporation. p. 484. 1957. 
Surface Tension. in: The Encyclopedia of Chemistry. Clark-Hawley. 
Ed. 1. Reinhold Publishing Corporation. pp. "'6-909. 1957. 
__ Alkalis. l!!= The Encyclopedia of Chemistry. Clark-Hawley. Ed. 1. 
Reinhold Publishing Corporation. p. 40. 1957. 
--' 
Abstractor. Chemical Abstracts. 
Brown, H., joint author. ~~ Quinn. 
Brown, June. All about draperies. Iowa State Coll. Bull. HE36. 
1956. 
12 pp. 
107. Brown, W.G., E.O. Heady, J.T. Pesek, and J.A. Stritzel. Prvduction 
functions, isoquants, isoclines, and economic optima in corn fertiliz-
ation for experLments with two and three variable nutrients. Iowa 
State Coll. Res. Bull. 441. 28 pp. 1956. 
Browning, I.A., joint author. See....!!.!!2!.!: Murphy. 
312 STAFF MEMBER PUBLICATIONS, 1956-57 
1al. Browning, J. Artie. Studies of the effect of field blends of oat 
varieties on stem rust ~osses. Phytopath. !;J.:4-5. 1957. 
__ , joint author. See under Frey. 
109. Bryan, Ray. Let's take another look. The Guid-0-Gram. pp. 12-16. 1957. 
110. __ and Mary Smith. Work experience. Rev. Educ. Res. 26:404-410. 1956. 
__ Chairman, Vocational and Technical Education Committee. Review of 
Educational Research. 
111. Brynko, c., G.E. Dunn, H. Gilman, and G.S. Hammond. Isotope effect in 
the hydrolysis of triphenylsilane-d. Jour. Amer. Chem. Soc. 
78:4909-4911. 1956. 
112. Buchanan, R.E. Verbal stems in Latin composition. Internatl. Bull. 
Nomen. and Taxonomy • .§:101-110. 1956. 
113. Nomenclatural Review. Internatl. Bull. Nomen. and Taxonomy • 
.§:121-128. 1956. 
114. Nomina nova bacteriorum. Internatl. Bull. Nomen. and Taxonomy • 
.§:143-156. 1956. 
__ • Editor-in-Chief. Iowa State College Journal of Science. 
__ • Editor. International Bulletin of Bacteriological Nomenclature 
and Taxonomy. 
__ • Editor. General Bacteriology Section, Biological Abstracts. 
Buchele, W.F., joint author. See under Lovely. 
Buck, G.J., joint author. See under Cott. 
115. Bundy, Clarence E. Supervised farming program respons.ibilities in 
teacher training. The Agricultural Education Magazine. 29:248-256. 
1957. 
116. • On-farm teaching. The Agricultural Education Magazine. ~:4-13. 
1957. 
117. __ • Discipline in the farm shop. Better Farming Methods • .!_2:26-30. 
1957. 
118. Burchinal, Lee G. Marital satisfaction and religious behavior. Amer. 
Sociological Rev. ~:306-310. 1957. 
119. ___ What do children think of their parents. Iowa Farm Science. 
1.1.(6) :15-17. 1956. 
120. Do parents accept their children. Iowa Farm Science. li(l) :6-8. 
1956. 
121. and G.R. Hawkes. Home interviews with families. Jour. Henne Econ. 
~:167-172. 1957 • 
. 122. , , and Bruce Gardner. Adjustment characteristics of rural 
---;;;a-urban children. Amer. Sociological Rev. ~:81-87. 1957. 
123. ---'---'---· Personality characteristics and marital satis-
faction. Social Forces. l2,:218-222. 1957. 
124. ---'---'---· The relationship between parental acceptance and 
adjustment of children. Child Development. 28:65-77. 1957. 
___ , joint author. See under Hawkes. 
125 •. Bureau, A.J. and ·c.L. Hammer. Isomeric state of W181 • fhys. Rev. 
1Q.2:1o06-1011. 1957. 
126. Burnet, George, Jr. Ammonium phosphate via wet process acid. Agric. 
and Food Chem. 2:258-263. 1957. 
127. Burroughs, w., N. Jacobson, D. Voelker, R.M. McWilliams, W. Zmolek. 
Stretch hay supplies with ground corncobs and chopped cornstalks. 
Iowa State Coll. Bul!. Ko. Pll.-232. 8 pp. 1956. 
__ , joint author. See under Hale, Preston, Haun, A., Taylor. 
128. Bush, L.J., N.L. Jacobson, and P.A. -Hartman. Levels of chlortetracycline 
in the rumen fluid of dairy calves fallowing oral administration of the 
antibiotic. Antibiot. and Chemother. 2:(1):9-12. 1957. 
1"29. Buthala, D.A. and John Mathews. Use of cellular cultures of chicken 
embryo kidney tissue in virus studies. The Cornell Veterinarian. 
47:143-159. 1957. 
__:::_, joint author. See under Mathews. 
STAFF MEMBER PUBLICATIONS, 1956-57 
Bystroff, A.S., j~int author, ~e under Fritz, J.S. 
Bystroff, R.I., joint author. See under Banks. 
Caldwell, W.C., joint author. See under Johnson, R.G. 
313 
130. Candler, Wilfred. A modified simplex solution for linear programming 
with variable capital restrictions. Jour. Farm Econ. ,2§:940-955. 1956. 
131. A modified simplex ·solution with variable prices. Jour. Farm 
~n. ,22:409-428. 1957. 
132. __ and L. D. Loftsgard. Note on J.N. Boles' "Short Cuts in· Programming". 
Jour. Farm Econ. ,22:521. 1957. 
133. Carlander, Kenneth D. Fish growth rate studies: techniques and role in 
surveys and management. Trans. North Amer. Wildlife Conf. ~:262-274. 
1956. 
134. and Robert B. Moorman. Some experiments in changing population 
balance in farm ponds. Progr. Fish Culturist. 19:92-94. 1957. 
135. __ , __ • Standing crop of fish in Iowa ponds. Proc. Iowa Acad. Sci. 
63:659-668. 1956. 
__ ,Editorial Referee. Fisheries Research Board of Canada publications. 
__ ,Associate Editor. Transactions of American Fisheries Society. 
Carlin, A.F., joint author. See under Banwart, S.F., Hartman. 
136. Carlisle, F.J., _E.G. Knox, and R.B. Grossman. Fragipan horizons in New 
York soils: I. General Characteristics and Distribution. Soil Sci. 
Soc. Amer., Proc. ~:320-321. 1957. 
137. Carlson, B.C. and J.M. Keller. Orthogonalization procedures and the 
localization of Wannier functions. Phys. Rev. 105:102-103. 1957. 
138. Carlson, O.N., F.A. Schmidt, and H.A. Wilhelm. Preparation of zirconium 
and hafnium metals by bomb reduction of their fluorides. Jour. 
Electrochem. Soc. 1Q4:51-56. 1957. 
__ , joint author. See under Smith, J.F. 
140. Carver, Lowell L. et al. School building planning series. Industrial 
Education __ Ng. 127-3. Ed. 1. Engineering Extension. 14 pp. 1956. 
141. Casabella, P.A., P.J. Bray, S.L. Segel, and R.G. Barnes. Pure quadrupole 
resonances in multibromobenzenes. Jour. Chem. Physics. 25:1280-1281. 
l~& -
__ joint author. See under Barnes, R.G. 
Cason, L.F., joint author. See under Gilman, H. 
142. Catron, D.V., R.O. Baker, and Paul Hartman. Enzymes in baby pig 
nutrition. Proc. 9th. Res. Conf., Counc.on Res., Amer. Meat Inst. 
pp. 23-47. 1957. 
and V.W. Hays. Feeding sugar and molasses to baby pigs. Sugar 
Jour., Molasses Rept. p. 44. September, 1956. 
__ , joint author. See under Baker, Barnhart, Facto, Hays, Johnson, 
c.w., Quinn, Speer. 
144. Cavazos, L.F. and R.M. Melampy. Effects of differential testosterone 
propionate levels on rat accessory gland activity. Iowa State Coll. 
Jour. Sci. 31: 19-24. 1956. 
Chadderdon, H., joint author. See under McKinley. 
145. Chamberlin, S.J. Spacing of reinforcement in beams. Jour. Amer. Concrete 
Inst. 28:113-134. 1956. 
__ , joint author. See under Gilkey. 
Charles, D.C., joint author. See under Clampitt. 
Cheek, W.R., joint author. See under Guillemin. 
Cheng, E.W., joint author. See under Preston, Raun, A., Story. 
146. Chiotti, P., H.H. Klepfer, and K.J. Gill. Uranium-zinc system • Jour. 
Metals. _2:1-7. 1957. 
Chivers, W.H., joint author. See under Ramsey. 
Christensen, P.S., Co-editor. Iowa Custodians Newsletter. 
Chu, T.Y., joint author. See under Goecker, Laguros. 
314 STAFF MEMBER PUBLICATIONS, 1956-57 
147. Clampitt, R.R. and D.C. Charles. Sociometric status and supervisory 
evaluation of institutionalized mentally deficient children. Jour. 
Soc. Psycho!. ft!t:223-231. 1956. 
148. Clapp, L.E. and F.W. Schaller. The role of small watershed programs in 
soil conservation and water. Iowa State Coll. Bull. Pm-231. 4 PP• 
1956. 
Clark, R.G., joint author. See~ Voigt. 
149. Cleasby, J .L. and E.R. Baumann. Swimming pool accidents result in 
operator's training course. Iowa League of Municipalities Magazine. 
pp .• 17-19. March, 1957. 
Cole, F.T., joint author. See under Kerst. 
150. Cole, Wayne S. American entry into World War II: A Historiographical 
Appraisal. Mississippi Valley Historical Rev. 43:595-617. 1957. 
Collins, E.V., joint author. ~~~Lovely. 
Combs, G.E., Jr., joint author. See under Speer. 
151. Coover, M.S. A message from the President. Elect. Eng. ]2:823. 1956. 
152. To all students of electrical engineering. Elect. Eng. 75:935-
936. 1956. 
153. 
154. 
155. 
156. 
157. 
158. 
159. 
16o. 
161. 
162. 
163. 
164. 
165. 
The individual. Elec. Eng. 76: 177-178. 1957. 
AIEE expansion provides increased member participation opport-
unities. Elect. Eng. 76:422-423. 1957. 
__ A message from the President. Elect. Eng. 76:516. 1957. 
Changing patterns in the AIEE. Elect. Eng. 76:559-561. 1957. 
Corbett, J.D., S. von Winbush, and F.C. Albers. The solubility of t~e 
post-transition metals in their molten halides. Jour. Amer. Chem. Soc. 
79:3020-3024. 1957. 
__ , joint author. See under McMullan, Rundle. 
Cott, A.E., B. Vance, E.S. Haber, G.J. Buck, and E.L. Denisen. Midwest 
Farm Handbook. Ed. 4. Iowa State College Press. 1957. 
Cotterill, O.J. and F. Gardner. Retarding thick white deterioration 
by holding shell eggs in sealed containers. Poultry Sci. 36:196-2o6. 
1957. 
, joint author. See under Banwart, S.F. 
Cox, H.C. Granular formulation; of insecticides for European corn 
borer control A. Insecticides. Proc. 11th. Ann. Meet. North Central 
Branch Ento. Soc. Amer. l.!:61. 1956. 
__ , J.E. Fahey, and T .A. Brindley. European corn borer control in 
relation to Malathion residues. Jour. Econ. Ento. 50:52-55. 1957. 
__ , W.G. Lovely, and T.A. Brindley. Control of the European corn 
borer with granulated insecticides in 1955. Jour. Econ. Ento. 
_42:834-838. 1956. 
__ , joint author. ~~ Fahey, Fairchild, Lovely. 
Crane, H.R., joint author. See under Kerst. 
Csanyi, L.H. Bituminous mastie surfacings. Proc. Assoc. Asphalt 
Riving Technologists. 2_2:17-33. 1956. 
Culbertson, C.C., joint author. ~~Johnson, C.W. 
Curry, N.H. and R.E. Armstrong. New possibilities in portable bunker 
silos. Iowa Farm Science. l.!:303-304. 1956. 
--'---· New--Portable bunker silo. Successful Farming. 2l;(8). 
1956. 
Cutler, P.H., joint author. See under Good. 
Daane, A.H., joint author. ~~ Spedding, Voigt. 
166. Dahl, L.F., E. Ishishi, and R.E. Rundle. Polynuclear metal carbonyls. 
I. Structures of Mn 2 (C0)10 and Re 2 (C0) 10 • Jour. Chem. Physics. 
26: 1750-1751. 1957. 
167. 
168. 
170. 
171. 
172. 
173. 
174. 
175. 
176. 
177. 
STAFF MEMBER PUBLICATIONS, 1956-57 315· 
and R.E. Rundle.. Polynuclear metal carbonyls. II. The structure 
~iron tetracarbonyl by X-ray diffraction. Jour. Chem. Physics. 
26:1751-1752. 1957. 
Dahm, Paul A, The mode of action of insecticides exclusive of organic 
phosphorus compounds. Annual Rev. Ento. ~:247-260. 1957. Ed. 2 
Annual Reviews, Inc, 407 PP• 1957. 
__ , joint author. See under Lindquist, Schmidt, C.H. 
Dale, A.G. and J.L. Schmidt. A study of farm building materials on farms 
in the North Central Region. I. A field survey of wood shingle roofs. 
Ed. 40. Purdue University. 27 pp. 1954. 
__ , __ • A study of farm building materials on farms in the North 
Central Region. II. A field survey of asphalt shingle roofs. Ed. 66. 
Purdue University. 27 PP• 1955. 
Daniels, Raymond B. Relationship between particle size and potassium 
release in the Clarion and Marshall soils. Proc. Iowa Acad. Sci. 
Ed. 63. 6 pp. 1956. 
Danielson, G.C., joint author. See under Blue. 
Davey, Harold W. Constructive labor relations. Jour. Amer. Dietetic 
Assoc. .2.2,:579-582. 1957. 
The John Deere--UAW permanent arbitration system. in: Critical 
Issues in Labor Arbitration. Editor, Jean T. McKelvey. pp: 161-192. 
Ed. 1. Bureau of National Affairs, Inc. 1957. 
David, Herbert T. The WAGR sequential t-test reaches a decision with 
probability one. Ann. Math. Statistics. 27:797-805. 1956. 
Davidson, D.T., joint author. See under Goecker, Handy, Hoover, Laguros, 
Stump. 
Davis, A.W., Editor. Bulletin of Mechanics Division of ASEE. 
Deal,' B.E. and H.J. Svec. Metal-water reactions. III. Kinetics of the 
reaction between thorium and water vapor. Jour. Electrochem. Soc. 
1911421-425. 1956. 
Dean, G.W., E.O. Heady, and H.H. Yeh. An analysis of returns from farm 
and nonfarm employment opportunities on Shelby-Grundy-Haig soils. 
Iowa State Coll. Res. Bull. 451. 28 PP• 1957. 
__ , joint author. See und!! Balloun, Heady. 
Denisen, E.L., joint author. ~under Cott. 
Dewell, E.H., joint author. See under Voigt. 
Dicke, F.F. European corn borer resistance and its source in new 
experimental field corn inbreds. Proc. 11th. Annual Meet. North 
Central Branch Ento. Soc. Amer. 11:67-68. 1956. 
__ , joint author. See under Penny. 
178. Dickerson, Richard, P. Wheatley, P. Howell, W.N. Sipscomb, and R. Schaeffer, 
Boran arrangement in a B9 hydride. Jour. Chem. Physics. 251606-607. 
1956. 
Dickinson, J.M., joint author. See und!! Carlson, O.N. 
DiCostanzo, C.J., joint author. See under Ridenhour. 
Diehl, H., joint author. ~under Jaselskis. 
__ , Member of Editorial Board. Analytical Chemistry. 
Dietrich, J,J., joint author. See under Gilman, H. 
Diljak, P.F., joint author. See under Peterson. 
Doerr, L., joint author. See under Hofstad. · 
Doetsch, R.N., joint author. See under Foster. 
179. Donaldson, 'Beatrice and Grace M. Augustine. Management aspects of 
school lunch programs in Iowa. Iowa State Coll. Res. Bull. 448. 20 pp. 
1957. 
Douglas, E., joint author. See under Baumann. 
180. Dudley, J .w. and C.P. Wilsie. Inheritance of branched raceme and vestigial·· 
flower in alfalfa. Agron. Jour. _42:320-323. 1957. 
181. Duke, F.R. and B. Bornong. The Fe(II)-Tl(III) reaction at hiqh chloride 
concentration. Jour. Alys. Chem. 60:1015. 1956. 
316 
182. 
183. 
STAFF MEMBER PUBLICATIONS, 1956-57 
__ and R.A. Fleming. Density and electrical conductance in the 
system KCl-ZnC1 2 • Jour. Electrochem. Soc. ~:251-254. 1957. 
__ , R.W. Laity, and B. <Hiens. Transport numbers and structures in 
fused AgN03-NaN03 mixtures. Jour. Electrochem. Soc. ~:299-300. 1957. 
__ , joint author. See under Genco, Puri. 
Dumenil, Lloyd and Lloyd Frederick. Fall and winter application of 
fertilizers in the Mid-West. Agric. Ammonia News. §(5):21-25. 1956. 
__ , __ • What affects profitable rates of N for corn? II. Climatic 
and economic factors and the farmer. Agric. Anmonia News. 1(3):20-24. 
1957. 
__ , joint author. See under Frederick, Pesek, 
Duncan, E.R., joint author. See under Heady. 
186. Dunleavy, J, Recent developments in soybean disease work. Soybean Dig. 
16(12):14-17. 1956. 
Dunn, G.E., joint author. ~....!:!!!!!!.!: Brynko. 
Dwelle, Marion, Assistant Editor. Iowa Farm Science. 
, Assistant Editor. Iowa State College publications. 
Dyas, E.S., joint author. ~under Atkins. 
Edwards, R.B., joint author. See under Beyer. 
Egbert, A.c., joint author. See under Heady. 
187, Ehrenkranz, F., O. Roberson, E. Kanau, and N. Peterson. Here's your 
household linen review. Iowa Farm Science. 1!1288-290. 1956. 
Eidt, S.H., joint author. See under Gilman, H. 
Eisch, J., joint author. See under Gilman, H. 
El Banna, A.S., joint author. See under Johnson, I.J. 
188. Elder, James Bruce. Analysis of factors affecting production and 
whistling behavior of the Eastern Bob-white, Colinus y. virginianus L., 
in Decatur County, Iowa. Iowa State Coll. Jour. Sci. lJ.:401-403. 
1957. 
189. __ • Analysis of whistling patterns in the Eastern Bob-white, ~ 
y. virqinianus L. Proc. Iowa Acad. Sci. §.2:639-651. 1956. 
190. Eldredge, J.C. and W.I. Thomas. To those interested in better popcorn. 
The Popcorn and Concessions Merchandizer. 11:24-25. 1956. 
__ , joint author. See under Thomas, W.I. 
191. Elford, C.R. and G.L. Barger. Let the weather work for you. What1 s New 
in Crops and Soils.. ~:20-21. 1956. 
Ellerhoff, M.A., joint author. See under Hendrickson. 
Eness, P.G., joint author. See under Melampy. 
192. Engelhard, Arthur w. Influence of time of year and type of inoculum on 
infection of oak trees inoculated with the oak wilt fungus. Plant Dis. 
Reporter. .4Q11010-1014. 1956. 
Englehorn, A.J., joint author. ~....!:!!!!!!.!: Guttay, Shrader. 
193. Engler, Jean and James T. Freeman, Perceptual behavior as related to 
factors of associative and drive strength. Jour. Experimental Psycho!. 
51:399-404· 1956. 
Eppright, E.S., joint author. See under Marlatt, Pattison, Roderuck. 
194. Errington, Paul L. Factors limiting higher vertebrate populations. 
Science. ~:304-307. 1956. 
195. __ • Minken och bisamrittan. Svensk Jakt. .2ft:386-389. 1956. 
196. __ • Toward a better understanding of animal life, Amer. Biol. 
Teacher. 19:103-106. 1957. 
__ , Associate Editor. Journal of Wildlife Management. 
197. Everson, L.E. Seed sample reports for farmers. Proc. Assoc. Offic. 
Seed Anal. lJ.(2) :20-24. 1957. 
198. Selling high quality seed. Proc. Assoc. Offic. Seed Anal. 
Mt19S-101. 1956. 
STAFF MEMBER PUBLICATIONS, 1956-57 317 
199. Noxious weed seeds in Iowa oats and red clover samples. Proc. 
Acad. Sci. 63:252-258. 1956. 
200. Seed germination tests. Soybean Dig • .J1(5):18. 1957. 
201. Pure live seed. What's New in Crops and Soils. 2(5):19-20. 1957. 
202.. and Duane Isely. Seed analysis. Midwest Handbook. 17 pp. Ed. 4. 
----r;;;;;a State College Press. 1957. 
203. and Bonnie Jenkins. A rapid method for the purity analysis of 
~eping red fescue (Festuca rubra). Proc. Assoc. Offic. Seed Anal. 
!z!±:46-47. 1956. 
204. Everett, B.A. and R.R. Beneke. What does it cost to dry corn? Iowa 
Farm Science. 11=319-322. 1956. 
205. Facto, L.A., J. Kastelic, and D.V. Catron. Estimating ash content of 
bone, using standardized radiographs. Jour. Biol. Photog. Assoc. 
~:13-21. 1956. 
206. Fahey, J.E., H.W. Rusk, and H.C. Cox. Residues and plants treated with 
DDT granules and emulsions for European corn borer control. Jour. 
Econ. Ent. !.2:846-849. 1956. 
__ , joint author. See under Cox, Lilly. 
207. Fairchild, M.L. and H.C. Cox. Tests of systemic insecticides for 
European corn borer control. Proc. 11th. Ann. Meet. North Central 
Branch Ent. Soc. Amer. 11:68-69. 1956. 
Fanelli, M.J., joint author. See under Ayres. 
Farmer, J.N., joint author. See under Becker. 
2o8. Fassel, Velmer A. Book review of 11Spectrochemical Abstracts, Vol. IV, 
1946-195111 • Spectrochimica Acta • .§:128. 1956. 
209. and R.W. Tabeling. The spectrographic determination of oxygen in 
metals. I. Plain Carbon Steels. Spectrochimica Acta • .§:201-217. 1956. 
__ , joint author. See under Kross, Layton. 
__ , Editor. Spectrochimica Acta. 
Fawler, E.B., joint author. See under Ambrose. 
Fay, R.W., joint author. See under Lindquist. 
210. Fellinger, Robert C. Notes and problems on kinematics of machines. 91 pp. 
Ed. 1. Wm. C. Brown Co. 1956. 
211. Ferguson, Eugene S. Engineering economics basics. Industry Power. 
72(2-5). 10 PP• 1957. 
212. Truxtun of the constellation: The Life of Commodore Thomas Truxton, 
--U:S. Navy, 1755-1822. 336 pp. Ed. 1. The Johns Hopkins Press, Baltimore. 
1956. 
213. Ferguson, Marion L. Photographic technique for quantitative physiological 
studies of Paramecia and other motile cells. Physiolog. Zool. .2Q:208-
215. 1957. 
214. Fisher, J.E. Floral induction in soybeans. Bot. Gaz. 117:156-165. 1955. 
215. Fisher, R.W. and G.R. Winders. High-temperature loop for circulating 
liquid metals. Amer. Inst. Chem. Engineers, Chem. Eng. Progr. 
Symposium Series, No. 20. 53:1-6. 1957. 
216. Fleming, A.A., T.H. Rogers, and T.A. Bancroft. Field plot technique with 
hybrid corn under Alabama conditions. Agron. Jour. !1:2:1-4. 1957. 
Fleming, L., joint author. See under Tauber. 
Fleming, R.A., joint author. See under !Xtke. 
217. Folks, H.C. and F.F. Riecken. Physical and chemical properties of some 
Iowa soil profiles with clay-iron bands. Soil Sci. Soc. Amer., Proc. 
20:575-580. 1956. 
Fontaine, D.D., joint author. See under Fox, S.W. 
218. Foreman, C.F. and A.R. Porter. What bedding for dairy cattle? Iowa 
Farm Science. g: 13-14. 1957. 
...:. 
318 STAFF MEMBER PUBLICATIONS, 1956-57 
219. Foster, E.M., F.E. Nelson, M.L. Speck, R.N. Doetsch, and J.C. Olson, Jr. 
Dairy Microbiology. 492 pp. Ed. 1. Prentice-Hall, Inc., Englewood 
Cliffs, N.J. 1957. 
220. Fouad, A.A. and W.B. Boast. Universal swing curves for two machine 
stability problem with multiple switching. Iowa Eng. Exp. Sta. Bull. 
178. 55:1-52. 1956. 
Foust, H.L., joint author. See under Getty. 
221. Fowler, E.B., E.R. Baumann, and H. Ambrose, Jr, Absorption of radio-
active rubidium on trickling filters. Sewage and Industrial Wastes. 
~:397-399. 1957. 
\ Fowler, H.S., joint author. See under Hendrickson. 
---1222. Fox, Karl A. Economic review and outlook. Iowa Business Dig. 28(2): 
1-8. 1957. 
__ , Member, Editorial Council. Journal of Farm Economics, 
223. Fox, S.W. and D.D. Fontaine. Sequential assays of 4 amino acids in 
grains of wheat, rye, and of their hybrid. Soc. Expt. Biol. and Med., 
Proc. 92:503-506. 1956. 
224. 
225 • 
226. 
227. 
228. 
229. 
230. 
231. 
232. 
233, 
234. 
235. 
236. 
237. 
__ , J.E. Johnson, and Allen Vegotsky. On biochemical origins and 
optical activity. Science. ~:923-925. 1956. 
__ , joint author. See under Hurst, Tollin. 
Frazer, J .R., V .H. Nielsen, and G.W. Ladd. Manufacturing costs: Whole 
milk Creameries. Iowa Agric. Exp. Sta. Bull. 20 pp. 1956. 
Frederick, Lloyd R. The formation of nitrate from ammonium nitrogen 
in soils: I. Effect of temperature. Soil Sci. Soc. Amer. Proc. 
20:496-500. 1956. 
__ and Lloyd Dumenil. What affects profitable rates of N for corn? 
I. Soil, soil management and crop management factors. Agric. Ammonia 
News. 1(2):30-32,47. 1957. 
, • What microorganisms do to ammonia. Agric. Ammonia News. 
§(4):17-18,45. 1956. 
__ , __ • The influence of management on nitrogen behavior in soils. 
Agric. Ammonia News. §(6):21-23,33. 1956. 
__ , R.L. Starkey, and W. Segal. Decomposability of some organic 
sulfur compounds in soil, Soil Sci. Soc. Amer. Proc. 21:287-292. 
1957. 
, joint author. See under Dumenil, Starkey. 
Freeman, James T. and Howard Maher. A note on "Discrimination reaction 
time as a function of anxiety and intelligence". Jour. Abnormal and 
Social Psychol. ~:134-135. 1957. 
and Richard Moren. Verbal discrimination learning as a function of 
anxiety and difficulty of task. Proc. Iowa. Acad, Sci. f2!;... 1957. 
__ , joint author. ~ under Engler. 
French, Dexter. Book review - Advances in Carbohydrate Chemistry. Arch. 
Biochem. and Biophys. f2!;..:522-523. Academic Press. 1956. 
__ Preparation of Schardinger dextrins. J.!l: Methods in Enzymology • 
.£y: Colowick and Kaplan. J:17-20. Academic Press. 1957. 
__ , joint author. See under Bailey, J.M., Summer. 
Frevert, R.K., joint author. See under Timmons. 
Frey, K.J., J.A. Browning, J.G. Wheat, R.E. Atkins, and E.S. Dyas. Iowa 
oat variety trial summary 1952-56. Iowa Agric. Exp. Sta. Agron. Dept. 
No. 385 (mimeo.) 195'· 
__ and T. Horner. Heritability in standard units. Agron. Jour. 
_42:59-62. 1957. 
--·--· 
.!!:519-520. 
New area recommendations for oats. 
1957 • 
Iowa Farm Science. 
238. __ and S.C. Wiggans. Growth rates of oats from different test weight 
seed lots. Agron. Jour. ~:521-523. 1956. 
239. __ , __ • Cultural practices and test weights in oats. Proc. Iowa 
Acad. Sci. 63:259-266. 1956. 
240. 
241. 
242. 
243. 
244. 
245. 
246. 
STAFF MEMBER PUBLICATIONS, 1956-57 
~·--· Tillering studies in oats. I. Tillering characteristics 
of oat varieties. Agron. Jour. ~:48-50. 1957. 
, joint author. See under Atkins, Horner, Murphy, Wiggans. 
319 
Fribourg, H.A. and W.V. Bartholomew. Availability of nitrogen from crop 
residues during the first and second seasons after application. Soil 
Sci. Soc. Amer., Proc. 20:505-508. 1956. 
Fritz, J.S., W.J. Lane, and A.S. Bystroff. Complexometric titrations 
using azoxine indicators. Analyt. Chem. 29:821-825. 1957. 
__ , M.J. Richard, and A.S. Bystroff. Complexometric titrations 
following cupferron separation of interferences. Analyt. Chem. 29:577-
579. 1957. 
~and S.A. Sutton. Titration of mercury with Bis(2-hydroxyethyl) 
dithiocarbamate. Analyt. Chem. ~:1300-1303. 1956. 
, S.S. Yamamura, and M.J. Richard. Titration of sulfate following 
---;;paration with alumina. Analyt. Chem. 29:158-161. 1957. 
Fritz, K.V., joint author. See under Fritz, M.F. 
Fritz, M.F. and K.V. Fritz. Scholastic probation and size of high 
school. Proc. Iowa Acad. Sci. 63:610-614. l<;f6. 
247. Fuchs, R., L.O. Moore, D. Miles, and H. Gilman. Some symmetrical tetra-
alkyl and tetraaralkyl-germanes. Jour. O.-gan. Chem. ~:1113-1117. 
1956. 
248. Fuller, W.H. and D.R. Nielsen. The influence of straw and straw-
fertilizer composts on the uptake of fertilizer phosphorus by plants. 
Soil Sci. Soc. Amer., Proc. 21:278-283. 1957. 
J Fullhart, L., joint author. See under Gilman, H. 
249. Gaarder, R.O. and E.A. Kline. What d• consumers want from pork? Iowa 
Farm Science. 11:390-392. 1956. ~o. and N.V. Strand. Use of photographs in consumer preference studies 
of pork. Jour. Farm Econ. 12:59-66. 1957. 
251. Gage, R.S. and S. Aronoff. Chlorophyllase in soybean. Plant Physiol. 
Jl.:477-478. 1956. 
Gaj, B.J., joint author. See under Gilman, H. 
Gardner, B.W., Jr., joint author. See under Burchinal, Hawkes, Hursicz. 
252. Gardner, F.P. and T.H. Rogers. Seasonal and yearly production of annual 
winter grasses and grass-legume combinations for temporary winter 
grazing in Georgia. Agron. Jour. !t§.:546-551. 1956. 
__ , joint author. See under Cotterill. 
Garst, E.L., joint author. See under Graca. 
253. Gartner, Joseph and J.R. Bowring. Competition for New England apples on 
Unites States markets. I. Market prospects for growers. New Hampshire 
Agric. Exp. Sta. Bull. 
254. ~and J.E. Brewer. The Rhode Island florist business. Rhode Island 
Agric. Exp. Sta. Bull. 
255. Gates, L.D., Jr. Linear differential equations in distributions. Proc. 
Amer. Mathematical Soc. 7:933-939. 1956. 
Geltz, R., joint author. See under Bowne. 
256. Genco, J., M. Griffel, F.R. Duke, and L. Jennings. The (C-H) bond 
dissociation energy in the methyl group of tolvene. Iowa State Coll. 
Atomic Res. Inst. Bull. 250 pp. 1957. 
257. 
Gerow, c.w., joint author. 
Getty, R., J.G. Bowne, J.E. 
the common integument and 
11· 1956. 
See under Gilman, H. 
Lovell, and R.D. Whiteford. Age changes in 
sense organs of the dog. Jour. Gerontol. 
258. __ , H.L. Fou5t, E.T. Presley, aJ1rl M.E. Hiller. Macroscopic anatomy 
of the ear of the dog. Amer. Joi.Ir. Vet. Res. 17:364-375. 1956. 
__ , Anatomy and Histology -Editor. American Journal of Veterinary 
Research. 
320 STAFF MEMBER PUBLICATIONS, 1956-57 
259. Gibson, J.B. and J.M. Keller. Modified deformable potential for thermal 
scattering of electrons. Phys. Rev •. 105:476-479. 1957. 
260. Giese, Henry. ASAE - Its founding· and first fifty years. Agric. Eng. 
38:378-383. 1957. 
261. Gilbert, W.M. Completely monotonic functions on cones. Pacific Jour. 
Math. §:685-689. 1956. 
262. Gilkey, H.J., S.J. Chamberlin, .and R.W. Beal. Bond between concrete and 
steel and the spacing of reinforcement. Iowa Eng, Exp. Sta, Rept. 
No, 26. 184 pp. 1955-56. 
Gill, K.J., joint author. See under Chiotti., 
263. Gilman, H., C.G. Brannen,, and R .• K. Ingham. Preparation of alkylmathalenes. 
Jour. Organ, Chem. 22:685-687. 1957. 
264, __ and J.J. Dietrich. Halogen derivatives of dibenzo-p-dioxin. Jour. 
Amer. Chem. Soc. 79:1439-1441. 1957. 
265. and S.H. Eidt-:- Cleavage of phenoxathiin-10-oxide by n-butyllithium. 
Jour. Amer. Chem. Soc • .7§:3848-3850. 1956. 
266. and J, Eisch. 1,2-addition of allylmagnesium bromide to N-diphenyl-
methylene-aniline and structurally related systems, Jour. Amer. Chem. 
Soc. 79:2150-2153. 1957. 
267. --•--• and T, Soddy. Allylmagnesium bromide as a selective 
nucleophili toward aza-aromatic heterocycles. Jour. Amer. Chem. Soc. 
79:1245-1249. 1957. 
268. 
270. 
271. 
272. 
273. 
274. 
275. 
276. 
277. 
278. 
279. 
280. 
281. 
282. 
, L. Fullhart, and L.F. Cason. Addition reactions of chalcones. 
----rrl. Some basic ketosulfides. Jour. Organ. Chem. 21:826-827. 1956. 
__ and B.J, Gaj. Coupling reactions with some organolithium compounds 
in tetrahydrofuran. Jour. Organ. Chem. 22:447-449. 1957. 
and C.W. Gerow. Analogs of hexaphenylethane. VI. Triphenyl-
germyltriphenyltin. Jour. Organ. Chem. 22:334-336. 1957. 
__ , __ • The reaction of triphenylgermylli thium, triphenylgermyl-
potassium and triphenylgermane with some olefins. Jour. Amer. Chem. 
Soc. 79:342-345. 1957. 
__ ,_. Analogs of hexaphenylethane. v. Triphenylsilyltriphenyl-
germane. Jour. Amer. Chem. Spc. 78:5823-5824. 1956. 
__ , __ • The reactions of triphenylgermane with some organo-meta!lic 
compounds. A new method for the preparation of triphenylgermyllith1um. 
Jour. Amer. Chem. Soc. 78:.5435-5438. 1956. 
and L.A. Gist, Jr. Organotin compounds: Cyclopentadienyl and 
reiated derivatives. Jour. Organ. Chem. 22:250-255. 1957. 
__ , __ • Organotin compounds containing water-solubilizing groups: 
Some m-hydroxyphenyl derivatives. Jour. Organ. Chem. 22:368-371. 1957. 
__ , __ • Reaction of tri.phenyltin-lithium with some ;;;ters. Jour. 
Organ. Chem. 22:689-69C. 1957. 
and J.J. Goodman. Some monomeric organosilicon compounds of high 
thermal stability. Jour. Organ. Chem. 22:45-47. 1957. 
and R.D. Gorsich. Some reactions of o-halophenyllithium compounds. 
Jour. Amer •. Chem. Soc. 79:2625-2629. 1957. 
__ , __ • An improved metalation procedure for dibenzofuran. Jour. 
Organ. Chem. 22: 687. 1957. · 
__ and J.B. Honeycutt, Jr. Some aromatic and heterocyclic derivatives 
of carbazole. Jour. Organ. Chem. ~:226-227. 1957. 
__ , __ • Some ?.zo derivativ~s of 9-ethylcarbazole. Jour. Organ. 
Chem. 22:562-564. 1957. 
, , and R.K. Ingham. Cleavage studies in the carbazole and 
phenothiazine systems. Jour. Organ. Chem. 22:338-339. 1957. 
283. and G. Lichtenwalter. Som~ m-biphenylyl-substituted silicon 
284. 
compoun~s. Jour. Organ. Chem. 21:1307-1309. 1957. 
__ , L. Santucci, D.R. Swayampati, and R.O. Ranck. Hydroxybenzene-
boronic acids and anhydrides. Jour. Amer. Chem. Soc. 79:3077-3081. 
1957. 
STAFF MEMBER PUBLICATIONS, 1956-57 321 
285. --'--'-· __ , __ • Azo dyes derived from o-hydroxy•benzeneboronic 
acid anhydride. Jour. Amer. Chem. Soc. 79:2S98'-2901. ·1957. 
286. and T.S. Soddy. Carbonation of lithium derivatives of certain 
--;;;;inclines and iseiquinolines. Jour. Organ. Chem. 22:565-566. 1957 • 
. 287. __ and D.R. Swayampati. The action of some organometallic compounds. 
on thianthrene-5-ozide. Jour. Organ. Chem. g:I278-1282. 1956. 
288. __ , __ • Nitration of 1-hydroxythianthrene and of l-hydroxythian-
threne-5, 10-tetroxides. Jour. Amer. Chem. Soc. :z2:991-994. 1957. 
289. , • Metalation of thianthrene-5-dioxide by n-butyllithium and 
--i;y-phenyllithium and cleavage of thianthrene-5,5,10-trioxide by 
n-butyllithium. Jour. Amer. Chem. Soc. 79:208-212. 1957. 
290. __ and E.A. Weipert. Some methyl derivatives of p-quaterphenyl. 
Jour. Amer. Chem. See. 79:2281-2283. 1957. 
291. __ , __ • Some' derivatives of p-terphenyl. Jour. Organ. Chem. 
22:446-447. 1957. 
292. and G.R. Wilder. Synthesis of some dibenzothiophene derivatives. 
Jour. Organ. Chem .• 22:523-526. 1957. 
__ , joint author. See under Brynko, Fuchs, Jones, R.G., Meen, Oita. 
293. Gilman, Joseph C. A manual of soil fungi. Ed. 2. Iowa State College 
Press. 1957. 450 PP• 
294. __ , L.H. Tiffany, and R.M. Lewis. Iowa Ascomycetes. II. Diaporthaceae: 
Valseae. Iowa State Coll. Jour. Sci. 31:623-647. 1957. 
Gist, L.A., Jr., joint author. See under Gilman H. 
Glower, D.D., joint author. See under Rising. 
295. Godfrey, Curtiss and F.F. Riecken. Solubility of phosphorus in some 
genetically related loess-derived soils. Soil Sci. Soc. Amer., Proc. 
21:232-235. 1957 
296. G~ker, W.L., Z.C. Moh., D.T. Davidson, T.Y. Chu·. Stabilization of 
fine and coarse-grained soils with lime-f lyash admixtures. Hwy. Res. 
Counc. Bull. 129, Natl Acad. Sci.-Natl Res. Counc. Pub. 418. pp. 63-82. 
1956. 
Gonser, J.E., joint author. See under Voigt. 
297. Good, R.H., Jr. Electromagnetic multipole radiation. 
1:213-220. 1957~ 
Ann. Physics. 
298. 
299. 
300. 
301. 
302. 
303. 
304.. 
305. 
3o6. 
Rev. 
Particle aspect of the electromagnetic field equations. 
105:1914-1919. 1957. 
Phys. 
and P.H. Cutler. Higher order corrections to the field emission 
current formula. Phys. Rev. ~:308. 1956. 
and E.W. Miiller. Field emission. Encyclopedia of Physics. _Qy: 
-s-.-Fliigge. ~:176-231. 1956. 
and R.M. Schectman. Generalization of the virial theorem. Amer. 
Jour. Physics. 25:219-225. 1957. 
Goodman; J.J., joint author. See under Gilman, H. 
Goodman, L., I .G. Ross, and H. Shuu·. en the application of the 
molecular orbital method to the spectra of substituted aromatic hydro-
carbons. Jour. Chem. Physics. ?f!.:4~4-480. 1957. 
Gorman, W.M. Convex indifference curves and diminishing marginal utility. 
Jour. Polit. Econ. 65:40-50. 1957. 
__ .• ~ du Semi~ire d1 Econometrie NQ.!. b Les Modeles ~conometrigues. 
_Qy: Rene Roy. Jour. Royal Statistical Assoc. Series A. 112:486-487. 
1956. 
Gorsich, R.D., joint author. See under Gilman, H. 
Gowen, J.W., joint author. See under Bowen, Hollander, Melampy, Stadler. 
__ , Associate Editor of Genetics. Genetics. 
__ , Editor of Biometry Section. Biological Abstracts. 
Grabe, D.F. Dry bromegrass seed artificially. What's New in Crops and 
Soils. 2(8):17. 1957. 
• Artificial drying and storage of smooth bromegrass seed. Agron. 
Jour. ft2:161-165. 1957. 
322 STAFF MEMBER PUBLICATIONS, 1956-57 
307. Graca, J. G. and E.L. Garst. Early blood changes in dogs following 
intravenous pentobarbital anesthesia. Jour, Anesthesiol. 18:461-465. 
1957. 
JOS. --'--' and W.E. Lowry. Comparative toxicity of stable earth 
compounds: I. Effect of citrate complexing on stable rare earth 
chloride toxicity. A.M.A. Arch. Indust. Health. 12.:9-14. 1957. 
309. Graham, Donald and R.S. Hansen. The structure of adsorbed monolayers. 
I. Normal aliphatic alcohols and carboxylic acids adsorbed from aqueous 
solutions on graphon. Jour. Phys. Chem. 6c: 1153-1156. 1956. 
310. Graham, J, Look to your skillet skills. Iowa Farm Science. 111328-JJO. 
1956. 
Gram, M.R., joint author. See under Arnrich. 
311. Green, J. M. Laboratory manual to accompany formulation and analysis. 
40 pp. Ed, 1. Wm. C. Brown Book Co., Dubuque, Iowa, 1957. 
312. and M.L. Horn. Formulation and analysis in metal cutting operations. 
135 pp. Ed. 2. Wm. C, Brown B~ok Co., Dubuque, !owa. 1957. 
313. Greene, John c. Objectives and methods in intellectual history. The 
Mississippi Valley Historical Rev. ~:58-74. 1957. 
314. Griffel, M., R.E. Skochdopole, and F.H. Spedding. Heat capacity of 
315. 
316. 
317. 
318. 
319. 
320. 
321. 
322. 
323. 
325. 
326. 
327. 
328. 
329. 
dysprosium from 15 to JOO°K. J~ur. Chem. Physics. 25:75-79. 1956. 
__ , joint author. See under Genco. 
Griffeth, W.L., joint auth~r. See under Blaser. 
Grimes, D.M., S. Legvold, and E.F. Westrum, Jr. Molecular field 
fluctuation effects in mixed nickel-zinc ferrites. Phys. Rev. lQ§:866-
867. 1957. 
Grimes, P.G., joint author. See under Banks. 
Grissom, D.B. and R.R, Kalton. Inheritance of combining ability for 
forage traits in bromegrass (Bromus inermis Leyss),Agron.Jour, ~:289-293. 
Gross, H.D. and C.P. Wilsie. Some responses of alfalfa varieties to 
fertilizer applications and cutting treatments. Rept. 15th Alfalfa 
Improvement Conf, pp. 26-31. 1957. 
Grossman, R.B., joint author. See under Carlisle. 
Grould, Marvin, Co-editor. Iowa Custodians Newsletter. 
Guillemin, Roger, W.R. Hearn, W.R. Cheek, and D.E. Housholder. Control 
of corticotrophin release: Further studies with in vitro methods, 
Endocrinology. ~:488-5o6. 1957. 
Guiot, G.G. Student teaching in physical education. 84 pp. Ed. 1. 
A.S. Barnes and Co. 1941. 
Physical education for girls-secondary schoolso 320 pp. Iowa 
State Dept. Public Instruction Manual. Ed. 1. 1948. 
Gunderson, Harold. What's new in insecticides. Better Farming Methods. 
~(1):26-29. 1957. 
I work with insects. Hoard's Dairyman. 102(7):394-395. 1957. 
How to find and control insects attacking structures. Iowa 
State Coll. Agric. Ext. Serv. Pamphlet 236. 8 pp. 1957. 
Corn borer control in 1956. Iowa State Coll. Agric. Ext. Serv. 
Pamphlet .Plll 229. 4.pp. 1956. 
__ and J.H. Lilly. Insect and rodent prospects for 1957. Iowa Farm 
Science. 11(7): :C6-17. 1957. 
and M. Shurtleff, Insects and diseases of the family vegetable 
garden. Iowa State College 'Agric. Ext. Serv. Pamphlet 230. 8 pp. 1956. 
__ , joint author. See undef Cott. 
Gurland, John. On Wallis' formula. Amer. Math. Monthly. 63:643-645, 
1956. 
__ Some interrelations ambng compound and generalized distributions. 
Biometrika. ~:265-268. 1957. 
An inequality satisfied by the Gamma function. Skandinavisk 
Aktuarietidskrift. Haft. 3-4. pp. 171-172. 1956. 
STAFF MEMBER PUBLICATION, 1956-57 
330. Guter, G.A. and G.S. Hammond. The separation of lith'um from alkali 
metal ions. Jour. Amer. Chem. Soc. 78:5166-5167. 1956. 
331. 
332. 
333. 
334, 
335. 
336. 
, • Steric effects in metal chelate formation. AEC Unclass-
---i.fied Repart No. IS:::-673. 50 pp. Ed. 1. 1956, 
Guttay, J.R., J.A. Stritzel, A.J. Englehorn and C.A. Black. Treatment 
of corn seed with phosphate. Agron. Jour. !z2:98-101. 1957. 
Gwynne, Charles S. Quarrying in Iowa, The Palimpset. 38:177-20!,.. 
1957. 
Haber, E.S., joint author. See under Cott, Mahlstede, Nichols. 
Haefling, J.F., joint author. See un~£ Voigt. 
Hale, W.H. Rumen metabolism of nonprotein nitrogen. Agric. and Food 
Chem. ~:948-951. 1956. 
and Wise Burroughs. Purified ration studies with lambs. Proc. 
--r;;;:;a Acad. Sci. .§2 :428-434, 1956. 
__ , joint author. See under Scholl, Story, Taylor. 
Ham, N.S. and Klaus Ruedenberg. Electronic interaction in the free-
electron network model for conjugated systems. I. Theory. Jour. 
Chem. Physics. 25: 1-13. 1956. 
323 
337. __ , __ • Electronic interaction in the free-electron network model 
for conjugated systems. II. Spectra of aromatic hydrocarbons. Jour. 
Chem. Physics. 25:13-26. 1956. 
338. 
339, 
340. 
341. 
342. 
343, 
Hammer, C.L. Isomerism in deformed nuclei. Amer. Phys. Soc. Bull. 
1:345. 1956. 
and M.G. Stewart. Isomeric transitions in the rare-earth 
elements. Phys. Rev. 106:1001-1007. 1957. 
__ , joint author. ~~der Bureau. 
Hammond, George S. Steric effects on systems at equilibrium. in: 
Steric Effects in Organic Chemistry. Qy_: M.S. Newman, Ed. l.--i-956, 
37 PP• 
and M.F. Hawthorna. Steric effects in aromatic substitution. 
in: Steric Effects in Organic Chemistry. Qy_: M. S. Newman. Ed. 1. 1956. 
46 PP• 
__ , joint author. See under Brynko, Guter. 
__ , Editorial Board. Journal of Organic Chemistry. 
Hamnes, R.C., joint author. See under Blaser. 
Handy, R.L. and D.T. Davidson. Evidence of multiple loess deposition 
in western Iowa. Proc. Iowa Acad. Sci. §1:470-476. 1956. 
--'--' I.J. Ward, and C,J, Roy. Application of mechanical 
stabilization to an arctic beach, Hwy.Res. Board Bull. 129, Natl. 
Acad. Sci. - Natl Res. Counc. Puhl. 418. pp. 50-62. · 195'). 
__ , joint author. See under Laguros, Stump. 
344. Hanka, L.J. and W.R. Lockhart. Microbiological assay for diethyl-
stilbestrol. Bact. Proc • .27:28. 1957. 
__ , joint author. See under Melampy. 
345. Hansen, R.S. and U.H. Mai. Idealized models for ad~orption from 
solution. I. Van der Waals adsorption from regular solutions. Jour. 
Phys. Chem. 61:573-577. 1957. 
346, __ , R.E. Minturn, and D.A. Hickson. The inference of adsorption from 
differe.ntial double layer capacitance measurements, Jour. Phys. Cherne 
60:1185-1189. 1956. 
347. and Mirella Miotto. Relaxation phenomena and contact angle 
hysteresis. Jour. Amer. Chem, Soc • .z2:1765. 1957. 
348. __ and Doris V. Stage. A study of mixed gas adsorption on mercury. 
Iowa State Coll. Jour. Sci. 31:33-47. 1956 
__ , joint author. See under Graham, D. 
--.j 
f 
324 STAFF MEMBER PUBLICATIONS, 1956-57 
349. Hanway, John and W.F. Bennett. Fertilizer rates to suit your soil and 
you. Iowa Farm Science. ]1(10):7-10. 1957. 
350. __ , __ • Fertilizer rates can suit both pocketbook and soil. Crops 
and Soi'.'.s. 2:22-23,25. 1957. 
351. and A.D. Scott. A!mnonium fixation and release in certain Iowa 
soils. Soil Science. ~:379-386. 1956. 
352. --'--' and G. Stanford. Replaceability of ammonium fixed in clay 
minerals as influenced by ammonium or potassium in the extracting 
solution. Soil Sci. Soc. Amer., Proc. 21:29-34. 1957. 
, joint author. See under Scott. 
Harding, D.E., joint author. ·see under Tauber. 
353. Harmon, L.G. and F.E. Nelson. Interrelationships of microorganisms in 
cream. II. Lactobacillus casei, Bacillus subtllis, and Streptococcus 
lactis. Jour. Dairy Sci. kQ:l-10. 1957.----
354. --•--· Interrelationships of microorganisms in cream. III. Candida 
pseudotropicalis, Aerobacter aeroqenes, and Streptococcus ~· 
Jour. Dairy Sci. SQ:ll-18. 1957. 
·Harrington, D.N., join't author. See under McDonald. 
Hartley, H.O., joint ·author. See under Bozivich,' Jumber. 
355. Hartman, P.A. and Frances Carlin. Peracetic<acid ,treatment of eggs. 
'Poultry Sci. J!:.:673-675. 1957. 
356. and P.A. Tetrault. Bacillus stearothermophilus. II. Certain 
factors affecting amylase production on some undefined media. Appl. 
Microbial. 1:11-14. 1955. 
357. __ , __ • Some factors affecting amylase production by ~~ 
stearothermophilus in complex and -synthetic media. Bact. Proc. 
1954:22-23. 1954. 
358. __ , Ralph Wellerson, Jr., and P.A. Tetrault. Bacillus ~!!!l!!.Q­
philus. I. Thermal and pH stability of the amylase. Appl. Microbial. 
1:7-10. 1955. 
359. 
360. 
361. 
362. 
363. 
364. 
365. 
366. 
367. 
__ , joint author. See under Baker, Bush, Catron. 
Hathaway, M.L., joint author. ~£!.!!!Marlatt. 
Haupt, R.E., joint author. See under Tauber. 
Hauser, Ellis W. Adsorption of 2,4 dichlorophenoxyacetic acid by 
soybean and corn plants. Agron. Jour. 47:32-36. 1955. 
Hawk, V.B. The feminine touch in birdsfoot trefoil seed production. 
Seed World. 80:14. 1957. 
Hawkes, Glenn R. The chi.ld in the family. Marriage and Family Living. 
l.2=46-51. 1957. 
__ , L. G. Burchinal, and Bruce Gardner. Marital satisfaction, 
personality characteristics, and parental acceptance of children. 
Jour. Counseling Psychol. 1:216-221. 1956. 
--•--•--· Field time and cost for interviewing families. 
Jour. Home Econ. '42:364-365. 1957. 
__ , joint author. See under Burchinal. 
Hawthorne, M.F., joint author. See under.Hammond. 
Hays, v.w., G.C. Ashton, C.H. Liu, V.C. Speer, and D.V. Catron. Studies 
on the utilization of urea by growing swine. Jour. Animal Sci. 
16:44-54. 1957. 
__ , joint author. See under Catron, Johnson, C.W. 
Heady, Earl O. Adaptation of extension education and auxiliary aids 
to the basic economic problem of agriculture. Jour. Farm Econ. 
12= 112-127. 1957. 
__ Economic comparions of farm application of dry and liquid 
nitrogen. in: Economic and Technical Analysis of Fertilizer Use. 
PP• 89-114.-1957. 
Need for production economics research in solving policy 
problems. in: Economic and Technical Analysis of Fertilizer Use. 
PP• 348-361. 1957. 
368. 
v'9· 
STAFF MEMBER PUBLICATIONS, 1956-57 
__ An econometric investigation of agricultural production 
functions. Econometrics. 25:321-344. 1957. 
__ , Stanley Balloun,and G.W. Dean. Least-cost rations and optimum 
marketing weights for turkeys. Iowa State Coll. Res. Bull. 443, 
28 pp. 1956. 
325 
V370. --'--' and Robert McAlexander. Least-cost rations and optimum 
marketing waights for broilers. Iowa State Coll. Res. Bull. 442, 
32 PP• 1956. 
371. and E.L. Baum. Economic comparison of farm application of dry 
and liquid types of nitrogen in Iowa. Reprint from Jan, 1957 
.Commercial Fertilizer. · 
372. __ , __ • Methodological problems in programming farms. in: 
3?3. 
374. 
375. 
376. 
I 
-)7. 
378. 
379. 
380. 
381. 
382. 
383. 
Economic and Technical Analysis of Fertilizer Use. pp. 271-282. 
1957. 
, . , and M.A. Anderson. What limits fertilizer use. Iowa Farm 
Scie~ 11(11):15-17. 1957. 
and G.W. Dean. Part-time farming in Iowa. Iowa Farm Science. 
11(12):3-4. 1957. 
__ , __ , and A.G. Egbert. Analysis of the efficiencies of alter-
native farm leasing arraggements (An Application of Linear Program-
ming). Iowa Agric. Exp. Sta. Res. Bull. 445. 23 pp. 1956. 
, , and L.D. Loftsgard. Farm + Nonfarm job = What you want? 
---:r;;;:;a Farm Science • .JZ(l):6-8. 1957. 
__ and John F. Heer. Facing up to the cost-price squeeze. Iowa 
Farm Science. 11:285-287. 1956. 
__ ·, R.J. Hildreth, and G.W. Dean. Uncertainty, expectations, and 
investment decisions for a sample of central Iowa farmers, Iovm 
Agric. Exp. Sta. Res. Bull. 447, 24 PP• 1957. 
and L.D. Loftsgard, Farm planning for maximum profits on the 
~sea-Clyde soils in northeast Iowa, and comparison of farm and 
nonfarm incomes for beginning farmers (An Application of Linear 
Programming). Iowa Agric. Exp. Sta. Res. Bull. 450. 3.2 pp. 1957. 
and J.T. Pesek. Some methodological considerations in the Iowa-
TVA research projec~ on economics of fertilizer use. Fertilizer 
Innovations and Resource Use. pp. 144-167. Ed, 1. Iowa State College 
Press. 1957. 
__ , John Schnittker, S. Bloom, and N.L. Jacobson. Isoquants, iso-
clines, and economic predictions in dairy production. Jour. Farm 
Econ. 2§.:763.-779. 1956. 
__ , , N.L. Jacobson, and S. Bloom. Milk production functior.s, 
hay/grain substitution rates and economic optima in dairy cow rations. 
Iowa Agric. Exp. Sta. Res. Bull. 444, 40 pp. 1956. 
__ , joint author. See under Ball, Balloun, Baum, Bloom, Brown, W. G., 
Dean, Loftsgard, Mackie, Orazem. 
__ , Co-editor. Economic and Technical Analysis of Fertilizer Use. 
Iowa State College Press. 1957. 
Hearn, W.R., joint author. See under Guillemin. 
Heath, Harry E., Jr. College-level telecourses for credit: An examin-
ation of a new aspect of adult education, with emphasis on the 
activites of WOI-TV. Iowa State Coll. Jour. Sci. 2.1:435-437. 1957. 
Summary of teaching aids survey of the council on radio-
television journalism. Jour. Broadcasting. 1:172-173. 1957. 
Heer, J.F., joint author. See under Heady. 
__ , Editor. Iowa Farm Science, 
, Assistant Publications Editor. Agricultural Experiment Station 
and Extension Service publications. 
Held, S., joint author. See under Baumann. 
STAFF MEMBER PUBLICATIONS, 1956-57 
385. Hendrickson, G.O., J.H. Aikman, M.A. Ellerhoff, H.S. Fowler, H.G. Hershey, 
F.H. Mendell, E.B. Polder, and E.B. Speaker. Rep~rt of the committee 
on conservation. Proc. Iowa Acad. Sci. .§:2:63-72. 1956. 
, joint author. See under Kozicky, Linder, Tanner, W.D., Jr. 
386. Henninger, G.R. Are your rubber gloves safe? REA Electrification 
Magazine. .!.2.:46-47. N'ov • .1956. 
__ , Member, Publication Committee. American Engineer. 
u' Hermann, K.W., joint author. See under Spedding. 
387. Herrick, J.B. Livestock situation - 1957. Iowa Farm Science. 11(7). 
1957. 
388. Dairy calf diseases. Iowa Agric. Ext. Serv. Pamphlet 237. 2 pp. 
1957. 
Hershey, H.G., joint author. See under Hendrickson. 
Hess, C.V., joint author. See under Vontongeln. 
389. Hibbs, E.T. The insects and their control. Second Biennial Report, 
Iowa Book of Agriculture. 1954-55:184-190. 1956. 
390. Insect pests of roses and their control. Second Biennial Report, 
Iowa Book of Agriculture. 1954-52:206-210. 1956. 
391. The mite problem in Iowa. Second Biennial Report, Iowa Book of 
Agriculture. 1954-55:190-195. 1956. 
Hickson, D.A., joint author. See under Hansen. 
Hildreth, C.G., joint author. See under Baum. 
Hildreth, R.J., joint author. See under Heady. 
Hiller, M.E., joint author. See under Getty. 
392. Hines, Howard H. Effectiveness of 'Entry' by already established 
firms. Quarterly Jour. Econ. 11:132-150. 1957. 
393. Hippaka, T.A. Divergent views on. industrial education. School Shop. 
PP• 14,22. 1957, June. 
394. Moral and spiritual education in the American way. Iowa Parent-
Teacher. p. 5. 1957, March. 
395. Thmiskunnan pelastus voiko perik~to. Minnesotan Uutiset, Sivu 4, 
Tiistaina, Kesakuun. 26 pp. 1956. 
396. Hobart, O.F., Jr. Passage of cherry virus through prunus root grafts. 
Iowa State Coll. Jour. Sci. 2.!•49-54. 1956. 
Hoffman, D.K., joint author. See under Kendel. 
397. Hofstad, M.S. Further studies-;;;; the evaluation of immunity in chickens 
398. 
vaccinated with formalin - inactivated Newcastle disease virus vaccine. 
Amer. Jour. Vet. Res. 17(65) :738-741. 1956. 
__ Immunization of chickens against infectious bronchitis using an 
embryo - passaged attenuated strain of virus. Vet. Med. 2.!•464-468. 
1956. 
399. and Laverne Doe"'r. A chicken meat infusion medium enriched with 
avian serum for cultivation of an avian pleuropneumonialike organism 
Mycoplasrna gallin%rum. The Cornell Veterinarian ~(3):439-446. 1956. 
400. Hollander, W.F. Acarids of domestic pigeons. Trans. Amer. Microsc. 
Soc • .z2:461-480. 1956. 
401. and John W. Gowen. An extreme non-agouti mutant in the mouse. 
Jour. Heredity. I.2:221-224. 1956. 
__ , joint author. See under Becker. 
402.·Holstun, J.T., Jr. and W.E. Loomis. Leaching and decomposition of 2, 
2-dicholorpropionic acid. Weeds. 4:205-217. 1956. 
Homeyer, P.G., joint author. See under Bloom, Johnson, C.W., Kastelic. 
Honeycutt, J.B., Jr., joint author. ~der Gilman, H. 
403. Hooker, A.L. Association of resistance to several seedling root, stalk, 
and ear diseases in corn. Phytopath. 4§:379-384. 1956. 
404. __ • Factors affecting the spread of Q!J?lodia ~ in innoculated corn. 
Phytopath. !t'.Z•l96-199. 1957. 
405. 
4o6. 
407. 
408. 
409. 
410. 
411. 
412. 
413. 
414. 
415. 
416. 
417. 
418. 
419. 
STAFF MEMBER PUBLICATIONS, 1956-57 
and P.M. LeRoux. Sources of protoplasmic resistance to Puccina 
so~ in corn. Fhytopath. ~:187-191. 1957. 
Hooker, W.J. Survival of Streptomyces scabies in peat soil planted 
with various crops. Phytopath. ~:677-681. 1956. 
327 
Hoover, J.M. and D.T. Davidson. Organic cationic chemicals as stabiliz-
ing agents for Iowa loess. Hwy. Res. Board. Bull.129, Natl. Acad. 
Sci. - Natl. Res. Counc. Publ. 418. pp. 10-25. 1956. 
Hoover, M. M., Jr., joint author. See under Brigham, Scholl. 
Horn, M.L., joi'nt author. ~unde_E Green. 
Horner, Theodore W. Parent-offspring and full sib correlations under 
a parent-offspring mating system. Genetics. 4,1:460-468. 1956. 
Full sib and parent-offspring correlations in symmetrical 
random mating populations with the frequency of the more favorable 
allele the same at all loci. Iowa State Coll. Jour. Sci. 21:55-64. 
1956. 
The components of variance in symmetrical random mating popula-
tions with the frequency of the more favorable allele the same at all 
loci. Iowa State Coll. Jour. Sci. 31:67-77. 1956. 
and K.J. Frey. ~''.ethods for determining natural areas for oat 
~ietal rec011111endations, Agron. Jour. ft2:313-315. 1957. 
and E.P. Lana. A three-year study of general and specific combin-
ing ability in tomatoes. Proc. Amer. Soc. for Horticultural Sci • 
.§2:378-387. 1957. 
and C.R. Weber. Theoretical and experimental study of self 
fertilized populations. Biometrics. ]£:404-414. 1956. 
__ , joint author. See under Frey. 
Horrocks, D.L. and A.F. Voigt. The formation of thullium chloride 
complexes and their extraction into ether. Jour. Amer. Chem. Soc. 
]2:2440-2443. 1957. 
Housholder, D.E., joint author. See under Guillemin. 
Howe, J.W., joint author. See under Johnson, H.P. 
Howell, H.B. Farm income and costs - 1955. Iowa Farm Science. 11=3-5. 
1956. 
and L.D. Loftsgard. Planning for top farm profits. Iowa Farm 
----szience. 11(11):18-20. 1957. 
__ , joint author. See under Mackie. 
Howell, P., joint author. See under Dickerson. 
Hoyt, Elizabeth E. Utility and the orientation of eonomics. Mankind. 
1(4):1-10. 1956. 
Economie de la comsommation aux Etats-Unis. Societe Belge 
d 1Etudes et dlExpansion, Bulletin Bimestrial 172:761-765. 1956. 
Hsia, P.R., joint author. See under Arnold. 
Hudson, D.E., joint author. See under Johnson, R.G. 
Hughes, W.L. Colorimetric characteristics of color television images 
recorded on black and white film. Iowa State Coll. Eng. Exp. Sta. 
Bull. 180. 60:1-30. 1957. 
420. __ • Recent improvements in black 'ind white film recording for color 
television use. Jour. Soc. of Motion Picture and Television Eng. 
,§2:359-364. 1956. 
Hukill, W.V., joint author. See under Schmidt, J.L. 
421. Hull, Dale O. Plastic pipe on the farm. Iowa Farm Science. 11(9): 
11-12. 1957. 
422. How much tractor fuel for field work. Iowa Farm Science. 
11(7):24. 1957. 
423. Tips on purchasing crankcase oils. Iowa State Coll. P<lmphlet 
~. 4 pp. 1957. 
__ , joint author. ~!!Armstrong. 
Hunter, A., joint author. Set under Augustine. 
328 SfAFF MEMBER PUBLICATIONS, 1956-57 
424, Huntress, K.G., F.W. Lorch, and W.P. Jones. Ideas and backgrounds. 
514 pp. Ed. 1. American Book Company. 1957. 
Hurley, Candace, Home Economics Editor. Iowa Farm Science. 
425, Hursicz, H., B.W. Gardner, Jr,, and R.G. Tischer, Heat processing of 
beef. VIII. Sterilizing.effects of high temperature processes. Food 
Res. ~:282-294, 1956. 
426. Hurst, T.L. and S.W. Fox. The course of proteolysis of lysozyme. Arch, 
Biochem. and Biophys. 63:352-367. 1956. 
427. Hussey, K.M. Applied courses will limit our "Products" potential. J·our. 
Geological Educ, ,2.(1) :4-5. : 1957. 
428, Hutchcroft, G.D. and J,L, Robinson. 1956 Iowa corn yield test. Iowa 
State Coll. Bull. Pl23. 32 PP• 1957. 
__ , joint author. ~under Robinson. 
Ingham, R.K., joint author. See under Gilman, H. 
429, Isely, Duane. Determination of variety or·type in the laboratory and 
greenhouse - literature.review. Proc. Assoc. Offic. Seed Anal. 
!!§:75-97. 1956. 
430. Opportunities in seed technology. Proc. Assoc. Offic. Seed Anal. 
!!§:43-45. 1956. 
431. __ Research in seed testing. Seed World 80(10) :8,9,26,27. 1957. 
432. __ Leguminosae: nomenclatural notes. Rhodora 59:116-119. 1957. 
__ , joint author. See under Everson. 
__ , Edi tor. Association of Official Seed Analysts Golden Jubilee 
F\Jblication. 
Ishishi, E., joint author. See under Dahl. 
433, Iversen, James D. Sandia Corporation technical Memo. 202-56-51: Base 
and surface pressure variation with Mach number on a right circular 
cone. Ed. 1. Sandia Corporation. 1956. 
434, Jacobsen, F.M. and G.H. Beyer. Operating characteristics of a 
centrifugal extractor. Amer. Inst.Chem. Engineers Jour. g:283-289. 
1956. 
435, 
436. 
437. 
438. 
439, 
440. 
441. 
Jacobson, N.L., joint author. See under Allen, R.S., Blake, Bloom, 
Bush, Burroughs, Heady, Ratcliff, 
Jansma, J.D., joint author. See under Murray. 
Jaselskis, Bruno and Harvey Diehl. A titration of a strong tribasic 
acid with a strong triacidic base. Analyt; Chim. Acta. 16:274-275. 
1957. 
Jebe, E.H., joint author. See under Altman, Roderuck, 
Jenkins, B., joint author. See under Everson. 
Jennings, L.D., joint author. See under Genco, Spedding. 
Jessen, R.J., joint author. See under Becker. 
Johnson, A.M., joint author. ~under Jumber, 
Johnson, c.w., S.L. Balloun, and V.W. Hays. Dehydrated silage for 
poultry. I. The effect of dehydrated corn silage meal on growth and 
feed conversion of the chick. Poultry Sci. 36:341-344. 1957. 
__ , V.C. Speer, C.C. Culbertson, and D.I/. Catron. Corn silage for 
sows. Iowa Farm Science. Q:l7-19. 1957. 
--'--' P.G. Homeyer, and D.V. Catron. Iodinated casein for sows 
boosts early baby pig grains. Iowa Farm Science. .!1•458-460. 1957. 
Johnson, H.P. and J.W. Howe. Infiltration frequency on Ralston Creek 
watershed. Trans., Amer. Geophys. Union. J.7:593-594. 1956. 
, joint author. See under Barnes, K.K., Pavelis. 
Johnson, I.J. Teamwork in agronomy. Agron. Jour, 4§:535-537. 1956. 
and W.H. Bragonier. Recommended crop varieties for 1957. Iowa 
~m Science, .!1(7):7-10. 1957. 
STAFF MEMBER PUBLICATIONS, 1956-57 329 
442, and A.S. El Banna. Effectiveness of successive cycles 
443. 
444, 
445, 
446. 
447. 
448. 
of phenotypic recurrent selection in sweetclover. Agron. Jour, 
~:120-125. 1957. 
__ , joint author. See under Metcalfe, Thomas, W.I.. 
, Associate Editor. Agronomy Journal. 
Johnson, J.E., joint author. See under Fox, S.W. 
Johnson, R.G., D.E. Hudson, W.C. Caldwell, F.H. Spedding, and W.R. Savage. 
Mass spectrometric study of phase changes in aluminum, praseodymium, 
and neodymium. Jour. Chem. Physics. ~:917-925. 1956. 
Jones, G.E., joint author. See under Starkey. 
Jones, J.T., Jr. and J.M. Keller. Binding energies of the light hyper-
fragments. Nuovo cimento. ~:1329-1338. 1956. 
Jones, L. Meyer. Anthelmintic therapy. Iowa Veterinarian J:28-33, 
1957. 
Jones, L.W., joint author. ~e under Kerst. 
Jones, R.G., G. Karmas, G.A. Martin, Jr., and H. Gilman. Organic 
compounds of uranium. II. Uranium (V) amides, a lkoxides, and 
mercaptides. Jour. Amer. Chem. Soc • .7§:4285-4286. 1956. 
, E. Bindschadler, G. Karmas, F.A. Yoeman, and H. Gilman, Organic 
--;;;;pounds of uranium. III. Uranium (V) ethoxides. Jour. ,Amer. Chem. 
Soc. 78:4287-4208, 1956. 
--•---'---' G.A. Martin, .Jr., J.R. Thirtle; F.A ... Yoeman, and 
H. Gilman, Organic compounds of uranium. IV. Uranium (V) alkoxides. 
Jour. Amer. Chem. Soc • .7§:4289-4290. l 95t>. 
449, --'--' D. Blume, G. Karmas, G.A. Martin, Jr., J.R. Thirtle and 
H. Gilman. Organic compounds of uranium. V. Derivatives of uranium 
(V) alkoxides. Jour. Amer. Chem. Soc. 78:6027-6029. 1956. 
450. 
451. 
452. 
, , , , , , F.A. Yoeman, and H. Gilman. 
Orga~ompound~uranium:-;:;r: Uranium (VI) alkoxides. Jour. Amer. 
Chem. Soc. 78:6o30-6o32. 1956. 
Jones, S.T. a;:;d A.E. Kehr. The cytology and plant characteristics of 
an amphidiploid derived from allium ascalonicum L.X.A. fistulosum. 
Amer. Jaur. Bot. ~:523-529. 1957. 
Jones, W.P., joint author. ~~Huntress. 
Jumber, J.F., H.O. Hartley, E.L. Kozicky, and A.M. Johnson. A technique 
for sampling mourning dove production. Jour. Wildlife Management. 
!S!•226-229. 1957. 
453. __ ,, E.L. Kozicky, and D.L. Carter. Factors influencing mourning 
'-11454. 
455. 
456. 
457. 
dove production at Lewis, Iowa, 1955. Iowa Bird Life. 26:59-61. 1956. 
Kaldor, Donald R, Agricultural adjustment and economic balance. Farm 
Policy Forum. pp. 6-12. Sununer, 1956. 
Kalton, R.R., A.A. Baltensperger, and R.E. Atkins. Iowa sorghum tests. 
Iowa Agric. Exp. Sta. Agron. Dept. No. 394 (mimeo). 1956. 
and H.E. Thompson. Sudangrass in Iowa. Iowa Farm Science. 11(9): 
~o. 1957. -
__ , joint author. ~~ Brissom, Grissom. 
Kanau, E., joint author. See under Ehrankranz. 
Karmas, G., joint author. See under Jones, R.G. 
Kastelic, J,, P. Homeyer, and E.A. Kline. The influence of the oral 
administration of diethylstilbestrol on certain carcass characteristics 
of beef cattle. Jour. Animal Sci. 15:689-700. 1956. 
__ , joint author. See under Facto. 
E+, E-, and E0 hyperons. Progr. 458. Katsumori, Hiroshi. Mass differences of 
Theoretical Physics. 17. 1957. 
458a,Kehr, August E. Tissue culture as a tool for studying the physiological 
plant cells - A. Discussion. Jour. 
1957. 
basis of autonomy in neoplactic 
Natl. Cancer Inst. 1.2:761-763. 
330 STAFF MEMBER PUBLICATIONS, 1956-57 
______ , joint author. See under Jones, S.T., Ting. 
Keller, J.M., joint author. See under Carlson, B.C., Gibson, 
Jones, J.T., Jr. 
459. Kelton, Leonard A. New species of Liocoris from North America (Hemiptera: 
M!£idae). The Canadian ~ntomologist • .[!'.:484-490. 1955. 
460. __ Genera and subgenera of the 1Y.9!;.§. complex (Hemiptera:~). 
The Canadian Entomologist. 87:277-301. 1955. 
461. __ Species of .!:Yg~, Liocoris, and their allies in the prairie 
provinces of Canada (Hemiptera: Mirida~). The Canadian Entomologist • 
.[!'.: 531-556. 1955. 
462. Kempthorne, Oscar. Analysis of confounded factorial designs in single 
replications. Econometrica. ~:191-192. 1957. 
463. __ The efficiency factor of an incomplete block design. Ann. 
466. 
467. 
468. 
470. 
471. 
472. 
473. 
474. 
475. 
476. 
Math.Statistics. 27:846-849. 1956. 
__ The theory of the diallel cross. Genetics. !iJ:451-459. 1956. 
The correlations between relatives in random rating populations. 
Cold Spring Harbor Symposia on Quantitative Biology Proc. 20:60-78. 
~- -
Arrangements of pots in greenhouse experiments - a note. 
BiOl!letrics. .l.2.•235-237. 1957. 
__ , joint auth~. See under Matzinger, Wilk. 
__ , Member, Editorial Baard. Biometrics. 
Kenkel, W.F. and D.K. Hoffman. Real and conceived roles in family 
decision making, Marriage and Family Living. .!§:312-316. 1956. 
__ , Abstractor. Sociological Abstracts. 
Kerst, D.W., F.T. Cole, H.R. Crane, L.W. Jones, L.J. Laslett, T. Ohkawa, 
A.M. Sessler, K.R. Symon, K.M. Terwilliger, and N. Vogt-Nilsen. 
Attainment of very high energy by means of intersecting beams of 
particles. !1lys. Rev. 102:590-591. 1956. 
__ , K.R.Symcm, L.J. Laslett, L.W. Jones, and K.M. Terwilliger. 
Fixed field alternating gradient particle accelerators. Proc. 
European Counc. for Nuclear Res. Symposium. 1:32-35. 1956. 
Kincaid, C.M., joint author. See, under Blaser. 
King, A.M. and A.F. Voigt. Relative yields of nuclear isomers of 
Br80 produced by (y, n) reaction. Phys. Rev. 105:1310-1311. 1957. 
__ , joint author. See under Ayres. 
King, E.L., joint author. See under Phillips. 
Kirk, L.K. and J.P. Mahlstede. Packaging and shipment of chrysanth9mums 
for retail sales. Proc. Amer. Soc. Hort. Sci. 67:549-558. 1956. 
Kirkham, Don. Mathematical aspects of soil nitrogen studies. Atomic 
Energy Commission Report Number TID-7512. pP. 349-359. 1957. 
Potential and capacity of concentric coaxial capped cylinders. 
Jour. Appl. !1lysics. 28:724-731. 1957. 
~· joint author. See under Swartzendruber, Willis. 
__ , Consulting Editor. Soil Science. 
Klepfer, H.H., joint aut.hor. See under Chiotti. 
Kline, E.A., j~int author. See under Gaarder, Kastelic, Lasley. 
Klingman, D.W., joint author. See under Banks. 
Knapp, L.L., M. Smutz, and F.H. Spedding. Solvent extraction equilibria 
for rare earth nitrate-tributyl phosphate systems. A.E.C. Res. and 
Develop. Rept. ISC-766. 39 pp. 1956. 
Knox, E.G., joint author. See under Carlisle. 
Koerner, E.L. and M. Smutz. Separation of niobium and tantalum - A 
literature survey. A.E.C. Res. and Develop. Rept. ISC-793. 14 pp. 
1956. 
__ , __ , and H.A. Wilhelm. Separation of niobium and tantalum by 
liquid extraction. A.E.C.Res. and Develop. Rept. ISC-802. 63 pp. 
1956. 
STAFF MEMBER PUBLICATIONS, 1956-57 
Kolmer, L., joint author. See under Vontongeln. 
477. Koning, Alice L. Histochemical localization of certain constituents of 
the developing juvenile wing feather. Amer. Jour. Anat. .12Q:l7-50. 
1957. 
478. Kozicky, Edward L. and George O. Hendrickson, Pheasant nesting and 
production in Winnebago County, Iowa, 1940 versus 1954. Proc. Iowa 
Acad, Sci. §2.:669-680. 1956. 
331 
479. Kraft, A.A., A.W. Brant, and J. C. Ayres. Notes and Letters - Detection 
of hydrogen sulfide in packaged meats and in broken-out shell eggs. 
Food Technol. 10:443-444. 1956. 
480. Kross, Robert D. and Velmer A. Fassel. The infrared spectra of aromatic 
compounds. IV. The nitre valence vibrations in p-disubstituted 
nitrobenzenes. Jour. Amer. Chem. Soc. 78:4225-4229. 1956. 
481. __ , __ • Regularities in the infrared spectra of picric acid molecular 
complexes. Jour. Amer. Chem. Soc. 12:38-41. 1957. 
482. __ , Kashuo Nakamoto, and V.A. Fassel. Infrared dichroism studies of 
some molecular complexes. Spectrochimica Acta. §: 142-151. 1956. 
__ , joint author. See under Layton. 
Kruskal,W.H., joint author. See under David. 
Kueter•!eyer,Carol A., Associate Editor. Iowa Farm Science. 
__ .,,Publications Assistant. Research Publications, Iowa Agric. Exp. Sta. 
483. Kunau, E. Pictures for your home. Iowa State Coll. Bull HE38. 8 pp. 
1957. 
Kutish, Francis A., Editor. Farm Policy Forum. 
484. LaBerge, W.E. A catalogue of the type specimens in the Snow Entomological 
Museum. Part I. Hymenoptera. University of Kansas Sci. Bull. 
~:501-531. 1956. 
485. The genera of bees of the Tribe Eucerini in North and Centra 1 
----;;:;;;;rica (Hymenoptera, Apioda!)• Amer. Mus. Novitates. No. 1837. 
PP• 1-44. 1957. 
486. A revision of the bees of the genus Melissodes in North and 
Central America. Part II. (Hymenoptera, Apidae). Univ. Kansas Sci. 
Bull. 38:533-578. 1956. 
487. Ladd, George W. Biases in certain production indexes. Jour. Farm Econ. 
39:75,85. 1957. 
__ , joint author. See under Frazer. 
488. Laffoon, Jean L. A revision of the Nearctic species of Funqivora 
(Diptera, Mycetophilidae). Iowa State Coll. Jour. Sci. 31:141-340. 
1957. 
489. Laguros, J.G., D.T. Davidson, R.L. Handy, and T.Y. Chu. Evaluation of 
lime for stabilization of loess. Proc. Amer. Soc. for Testing Materials. 
56:1301-1319. 1956. 
Laity, R.W., joint author. See under Duke. 
Lamnes, J., joint author. See under Puri. 
490. Lana, E.P. Effects of pl.ant population and seasons on the performance 
of sweet corn for canning. Amer. Soc. Hort. Sci. Proc. 67:312-323. 
1956. 
491. and L.E. Peterson. The effect of fertilizer-irrigation combin-
ations on sweet potatoes in Buckner course sand. Amer. Soc. Hort. Sci. 
Proc. 68:400-405. 1956. 
Lane, W.J., joint author. See under Fritz, J.S. 
492. Lantz, H.L. Is Meyer Zoysia for Iowal Iowa Farm Science. 11:369-370. 
1956. 
493. __ Good lawns are made. Iowa Farm Science. 111495-498. 1956. 
Larson, M.A., joint author. See under Boylan. 
494. Larson, W.E. Interplantings in corn-grass crops between wide rows. 
Soil Conservation 22:225-226. 1957. 
332. STAFF MEMBER PUBLICATIONS, 1956-57 
495. Listing for corn is an effective erosion control measure in 
western Iowa. Iowa Soil and Water. _2:21. 1957. 
_. _, joint author. See under Willis. 
496. Laslett, L. Jackson. Fixed field alternating-gradient ac.celerators. 
Science. ~:781-787. 1957. 
497. On the electromagnetic analogy to sound propagation. Jour. 
Acoustical Soc. Amer. g§:724. 1956. 
__ , joint author. See under Belford, Kerst. 
498. Lasley, E.L. Ovulation, prenatal mortality and litter size in swine. 
Jour. Animal Sci. 16:335-340. 1957. 
'.J 499. and E.A. Kline. Splitting and cutting errors in swine carcass 
evaluation. Jour. Animal Sci. 16:485-489. 1957. 
500. Lauer, A.R. Psychological factors in traffic and traffic control. Police. 
1(5):32-39. 1957. 
501. and Clifford O. Swanson. Predicting accident trends and traffic 
improvement. Hwy. Res. Board Bull. 161. 521:48-54. 1957. 
502. Layton, E. Miller Jr., R.D. Kross, and V.A. Fassel. Correlation of bond 
length with stretching frequency for carbon-oxygen and carbon-nitrogen 
systems. Jour. Chem. Physics. 25:135-138. 1956. 
503. Lebeda, Agnes et al. School building planning series. Business Educ. 
127-4. 14 pp. Ed. 1. Engineering Extension. 1957. 
Legvold, Sam., joint author. See under Amme, Barson, Behrendt, Grimes, 
Spedding. 
504. Lemish, John. Hydrothermal alteration of the Topia Mining District, 
Durango, Mexico. Bull. Geol. Soc. Amer. 67:1715. 1956. 
504a.Leppik, E.E. The form and function of numeral patterns in flowers. 
Amer. Jour. Bot. Q.:445-455. 1956. 
5~·--· A new system for classification of flower types. Taxon. §:64-
67. 1957. 
504c • __ • Experimentos de amaestramiento con abejas silveotres sin. aguijon. 
Comunicaciones. ~:89-93. 1956. 
504d·--· Some viewpoints on the phylogeny of rust fungi II, gymnospor-
angium. Mycologia 48:637-654. 1956. 
LeRoux, P.M., joint author. See under Hooker, A.L. 
Lewis, D.J., joint author. See under Baker. 
Lewis, R.M., joint author. See under Gilman, J.C. 
Lichtenwalter, G., joint author. See under Gilman, H. 
505. Lilly, J.H. Book review of Soil Zoology, Jour. Econ. Ent. ·!t'.2:883. 
1957. 
506. _. _ and J.E. Fahey. Trans location of BHC from high-dosage soil treat-
ments applied before planting. Jour. Econ. Ent. !t2:.815-il18. 1956. 
__ , joint author. See under.Raun, E.S., Gunderson. 
Lindell, o., joint author. See under Phillips. 
507. Linder, R.L. and G.O. Hendrickson. Use of rearing cover by Mearns cotton-
tail. Proc. Iowa Acad. Sci. .§2:732-740. 1956. 
508. Linderoth, L. Sigfred, Jr. Designing with high speed electronic com-
puters. Machine Design. ?:2:72-77. 1957. 
509. Lindquist, D. A. and P. A. Dahm. Metabolism. of radioactive DDT by the 
Madiera roach and the European corn borer.Jour. Econ. Ent. !t'.2:579-584. 
510. and R.W. Fay. Laboratory comparison of. eight organic phosphorus 
~ecticides as larvicides against nonresistant house flies. Jour, 
Econ. Ent. !t'.2:463-465. 1956. . ., 
511. Liston, Margaret L. and Gordon E. Bivens. Consumer credit - Using it 
wisely. Iowa Farm Science. 11:465-467. 1957. 
__ , joint author. See under Bivens. 
J,.iu, C.H., joint author. See under Hays. 
Lockhart, W.R., joint author. See under Hanka. 
, Assistant Editor. General Bacteriology Section, Biological 
Abstracts. 
STAFF MEMBER PUBLICATIONS, 1956-57 333 
512. Loftsgard, L. D. and E. O. Heady. What makes up the "best'' farm plan? 
1956. 
513. 
514. 
515. 
516. 
517. 
518. 
~-
520. 
521. 
Iowa Farm Science. .ll (2) : 5-7. 
__ , joint author. See under Candler, Heady, Howell. 
Loomis, W.E. and R.H. Schieferstein. 6th annual report on AAR coopera-
tive weed control project. Bull. Amer. Rwy. Eng. Assoc. 535. 57:790-
798. 1956. 
__ , joint author. See under Barrier, Holstun, Wilson. 
Lorch, Eloise, joint author. See under Beveridge, Huntress. 
Lord, T.H., joint author. See under Radisson. 
Lovell, James E. Seminal visiculitis in the bull. Iowa State Coll. Vet. 
.12(2):87-90. 1957. 
__ , joint author. ~under Getty. 
Lovely, W.G., H.C. Cox, and T.A. Brindley. Application equipment for 
granulated insecticides. Jour. Econ. Ent. ft2:839-846. 1956. 
__ , E.V. Collins, and W.F. Buchele. Ridge planting of corn. lath. 
Ann. Hybrid Corn Ind.-Res. Conf., Proc. pp. 59-67. 1956. 
__ , joint author. See under Cox, Myers, Staniforth. 
Lowdin, p,, joint author. See under Shull. 
Lowry, W.E., joint author. See under Graca. 
Luebben, Ralph A. and W.H. Stacey. Iowa and industry. Iowa State C-011. 
Pamphlet Ps-399. 1957. 
Lundvall, R.L., joint author. See under Getty. 
Lunt, H.E., joint author. See under Carlson, O.N. 
Lusas, E.W., E.W. Bird, and W.S. Rosenberger. The possibility of copper-
' induced oxidation of milk in stainless steel - white metal systems. 
Jour. Dairy Sci. ~:1487-1499. 1956. 
Lush, Jay L. Statistics in investigations in animal production. Jour. 
Indian Soc. Agric. Statistics. 1:7-22. 1955. 
__ , joint author. See under McGilliard. 
Lyle, Mary S. Cooperation in family life education for adults. Adult 
Educ. 1(2):ll6,119. 1957. 
__ Graduates reflect on their education. Jour. Home Econ, ft2:9-12. 
1957. 
522. Mackie, A.B., E.O. Heady, and H.B. H-owell. Optimum farm plans for 
beginning tenant farmers on Clarion-Webster soils (An application of 
Linear Programming). Iowa State Coll. Res. Bull. 449. 36 pp. 1957. 
Maher, H., joint author. See under Freeman, 
523. Mahlstede, John P. Polyethylene in plant propagation. American 
Nurseryman. ~:92. 1956. 
524, Packaging and marketing nursery stock. Amer. Nurseryman. 105:79. 
1957. 
525. and E.S. Haber. Plant propagation. 413 pp. Ed. 1. John Wiley 
and Sons. 1957. 
__ , joint author. See under Kirk• 
Mai, U.H., joint author. ~nder Hansen. 
Malaby, K.L., joint author. See under Voigt. 
526. Mallam, D.lncan. Joyce and Rabelais. Univ. Kansas City Rev. ~:99-110. 
1956. 
527. __ Criticism and rhapsody. Improving College and University 
Teaching. k(4):84-86. 1956. 
528. Getting their writing before them. Harvard Educ. Rev. 25:260-
263. 1956. 
529. Margerum, D.W., R.I. Bystroff, and C.V. Banks. Kinetics of 1,10-phen-
anthroline chelation. I. Mono-(1,10-phenanthroline)-nickel (II). 
Jour. Amer. Chem. Soc. 1'.§:4211-42l7. 1956. 
334 STAFF MEMBER PUBLICATION, 1956-57 
530. Marlatt, A.L., E.S. Eppright, M.B. Patton, and M.L. Hathaway. Nutrition 
of children in three selected schools in Iowa, Kansas, and Ohio: A 
Pilot Study. N.C. Reg. Pub!. No. 70, Tech. Bull. 81. 72 pp. 1956. 
Martin, D.S., Jr., joint author. ~£~~ Mitchell. 
Martin, G.A., Jr., joint author. See under Jones, R.G. 
531. Marvin, K.R. New horizans in education, president's annual address to 
Association for Education in Journalism. Jour. Quart. ,24:145-146. 
1956. 
532. Mathews, John and D.A. Buthala. Hog cholera protection tests with swine 
serum fractions. I. Hyperimmune hog cholera antiserum. The Cornell 
Veterinarian. 47:179-187. 1957. 
533. , • Effect of repeated freezing and thawing on the electro-
phor~ pattern of swine serum. Amer. Jour. Vet. Res • .J1(64):485-
486, 1956. 
__ , joint author. See undg Buthala. 
534. Matzinger, D.F. and 0. Kempthorne. The modified dialled table with 
partial inbreeding and interactions with environment. Genetics. ~: 
822-832. 1956. 
McAlexander, R., joint author. See under Heady. 
535. McCants, C.B. and C.A. Black. A biological slope-ratio method for 
evaluating nutrient availability in soils. Soil Sci. Soc. Amer., Proc. 
~:296-301. 1957. 
McComb, A.L., joint author. See under Allen, R.M. 
536. McDonald, E.M., R. Phillips, and D.N. Harrington. Losses from quality 
deterioration and shrinkage of corn resealed on Iowa farms. U.S. 
Govt.Printing Off. U.S.D.A. AMS No. 166. 19 pp. Ed.!. 1957. 
537. __ , __ , __ • Losses from shrinkage and quality deterioration of 
corn stored in country elevators and at bin sites in Iowa. U.S. 
Govt.Printing Off, U.S.D.A. AMS No. 173. 37 pp. Ed.l. 1957. 
538. McGilliard, Lon D. and Jay L. Lush. Changes in type classification of 
"-.; dairy cattle. Jour. Dairy Sci. ,22: 1015-1026. 1956. 
, joint author, See under Bloom. 
539. McGuire, J.U., I.A. Brindley, and I.A. Bancroft. The distribution of 
European corn borer larvae Pyrausta nubilalis (Hbn.) in field corn. 
Biometrics. pp. 65-77. March, 1957. 
540. McHugh, Richard B. 
Bu·11. 2.!z: 73-74. 
The interval estimation of a true score. 
1957. 
Psycholog. 
541. Determining sample size in validation research. Educational and 
Psychological Measurement • .J1:136-141. 1957. 
542. Efficient estimation and local identification in latent class 
analysis. Psychometrika, 21:331-347. 1956. 
McKimpson, G.E., joint author~ See unde~ Quinn. 
543. McKinley, M.M., G.M. Augustine, and H. Chadderdon. Training employees 
in work simplification. Jour. Amer. Dietetic Assoc. 2,2:592-595. 1957. 
544. McMullan, R.K. and J.D. Corbett. The use of thermistors in cryoscopic 
measurements. Jour. Chem. Educ. 2,2:313-317. 1956. 
545. McNabb, H.S., Jr. A program for Dutch Elm Disease control on the Iowa 
State College campus. Proc. Iowa Acad. Sci. 63:355-358. 1956. 
546. McVicker, G.D. Selections from Technical French-;-edited with Glossary 
and Notes. 98 pp. Ed. 1. Burgess Publishing Co. 1957. 
McWilliams, R.M., joint author. See under Burroughs. 
547. Meen, R.N. and H. Gilman. Some tetrasubstituted silane prepared by free 
radi&al addition to alkenes. Jour. Organ. Chem. ~:684-685. 1957. 
548. __ , __ • fhenyl aiod p-trimethylsilylphenyl compounds of silicon, 
germanium, and tin. Jour. Organ. Chem. 22:564-565. 1957. 
549. Melampy, R.M., L.J. Hanka, and P.G. Eness. "libservations on induced 
estrus in ovariectomized cows. Jour. Animal Sci • .J2:1287. 1956. 
__ , joint author. See under Cavazos. 
STAFF MEMBER PUBLICATIONS, 1956-57 
Meldrum, H.R., joint author. See under Pesek, Stritzel. 
Mendell, F.H., joint author. See under Hendrickson. 
550. Metcalfe, D.S., I.J. Johnson, and R.H. Shaw. The relation between pod 
dehiscence, relative humidity, and moisture equilibrium in birdsfoot 
trefoil, Lotus corniculatus. Agron. Jour. ,42(3):130-133. 1957. 
335 
551. __ , S.C. Wiggans, and H.E. Thcmpson. Desiccant sprays for bromegrass 
seed harvest. Agron. Jour. ~:429. 1956. 
__ , joint author. ~~Anderson, S.R., Wiggans. 
552. Metzler, David E. Equilibria between pyridoxal and amino acids and their 
imines. Jour. Amer. Chem. Soc. .72:485-490. 1957. 
Mickle, J.L., joint author. See under Spangler. 
Miles, D., joint author. See under Fuchs. 
Miller, J.C., joint author. See under Ting. 
Minturn, R.E., joint author. See under Hansen. 
Miotto, M., joint author. See under Hansen. 
553. Mit.chell, R.E. and D.S. Martin, Jr. Szilard-Chalmers process for osmium 
from hexachloroosmate (IV) targets. Jour. Inorgan. and Nuclear Chem. 
~:286-289. 1956. 
Moh, z.c., joint author. ~nder Goecker. 
Moore, L.O., joint author. See under Fuchs. 
554. Moorman, Robert B. Nuisance sparrows and their control. Iowa State Coll. 
Agric. Ext. Ser. Pamphlet 233. 2 pp. 1956. 
__ , joint author. See under Ca;rlander, Tiemeier. 
Moren, R., joint author. ~under Freeman. 
555. Morford, V.J. Methods of teaching farm mechanics. 126 pp. Ed. 4. 
Burgess Publishing Co. Minneapolis. 1957. 
556. Hired hands with no demands. pp. 28-42. Proceedings of 
Seminar - "Power Farming a Better Way of Life" - Thor Research Center. 
1957. 
557. __ All-purpose hog house. Iowa State Coll. Bull. No. 234. 4 pp. 
1957. 
Morgan, A.F., joint author. See under Arnrich. 
558. Morgan, P.E. and E.R. Baumann. Trickling filters successfully treat 
milk wastes. Jour. Sanitary Eng. Div.; Amer. Soc. Civil Eng. 
§.2:1336-1371. 1957. 
559. Moser, H.C. and A.F. Voigt. Dismutation of the mercurous dimer in 
di lute solutions. Jour. Amer. Chem. Soc. 79: 1837-1839. 1957. 
Mosier, C.C., joint author. See under Clem. 
Milller, E.W., joint author. See under Good. 
560. Mumaw, C.R. and C.R. Weber. Competition and natural selection in soy-
bean varietal composites. Agron. Jour. ,42:154-160. 1957. 
561. Muncy, R. Jess. Flathead catfish. Iowa Conservationist. J.2(5):129-135. 
1956. 
562. Murphy, H.c., K.J. Frey, I.A. Browning, and R.E. Atkins. About the new 
oats - Burnett and Newton. Iowa Farm Science • .!1(12):5-6. 1957. 
563. Murray, W.G. Evaluation of India's rivial credit problem. Indian Jour. 
Agric. Econ • .!1(4):25-30. 1956. 
564. __ The finance of the additional capital required for technical 
change. pp. 194-205. Oxford Univ. Press Proc. Intl. Cong. Agric. Econ. 
1957. 
565. and J.D. Jansma. Iowa farm values up slightly in 1956. Iowa Farm 
Science. 1!1431-432. 1957. 
566. Myers, H.A. and W.G. Lovely. Granular insecticide applicators for control 
European corn borer. Agric. Engineering. ~:298-301,316-319 •. 1957. 
Nakamoto, K., joint author. See under Kross. 
336 STAFF MEMBER PUBLICATIONS, 1956-57 
567. Nelson, A.G. Credit as a tool for the agricultural producer. Iowa Agric. 
Ext. Serv. Bull. Pm-235b. 36 pp. 1957. 
Nelson, F.E., joint author. See under Brandsaeter, Fostt~, lis.1'1!1on. 
Nelson, F.W., joint author. See under Royer. 
Nelson, M.R., joint author. See under Arnrich. 
568. Nichols, H.E. and E.S. Haber. Laboratory exercises in horticulture. 
121 pp. Ed. 3. Iowa State College Press. 1957. 
Nicholson, R.P., joint author. See under Stritzel. 
Nielsen, D.R., joint author. See under Fuller. 
Nielson, V.H., joint author. ~~nder Frazer. 
Nilsen, N.V., joint author. See under Kerst. 
569. Norris, Dale M. The role of sap- and fungus-feeding insects in the dis-
semination of the fungus Endoconidiophora fagacearum Bretz, the cause 
of oak wilt. Proc. North Central Branch, Ent. Soc. Amer, 1!:51-53. 1956. 
01 Byrne, J.C., joint author. See under Timmons. 
Ohkawa, T., joint author. See under Kerst. 
570. Oita, K. and H. Gilman. Some organosilicon compounds derived from aryl 
ethers. Jour. Organ. Chem. 21:1009-1012. 1956. 
571. __ , __ • Synthesis of some derivatives of phenothiasilin, a silicon 
analog of thiaxanthene. Jour. Organ, Chem. 22:336-337. 1957. 
572. __ , __ • The preparation of some derivatives of phenoxasilin, a 
silicon analog of xanthene. -Jour. Amer, Chem. Soc. 79:339-342. 1957. 
01Keefe, G., joint author. See under Bray. ~ 
01Laughlin, J.W., joint author. See under Banks. 
Olson, J.C., Jr., joint author. See under Foster. 
573. Orazem, F., R.V. Baumann, and E.O. Heady. On-farm adjustments to relative 
price changes. Iowa Farm Science. 11:295-298. 1956. 
574, Orr, Robert w. Tuskegee Institute self-study: library consultant's report • 
.!2J:: Robert w. Orr. 49 PP• 1956. 
575. Ott, J.L. and C.H. Werkman. Enzymic transfer of the ribosyl group from 
inosine to adenine. Biochem. Jour. 65:6o9-611. 1957. 
576. Oulman, c.s. and E.R. Baumann. A colorimetric method for determining 
dissolved oxygen. Sewage and Industrial Wastes. 28:1461-1465. 1956. 
Owens, B., joint author. See under Duke. 
Packer, R.A., joint author. See under Baumann. 
577. Paloumpis, Andreas A. Stream havens save fish. Iowa Conservationist. 
1.2(8):60. 1956. 
578. Parker, D.T. and O.N. Allen. Characteristics of four rhizobiophages 
active against Rhizobium melitoti. Canadian Jour. Microbial. J:651-
668. 1957. 
Pattillo, W.H., joint author. See under Becker. 
579. Pattison, M., H. Barbour, and E.S. Eppright. Teaching nutrition. 212 pp. 
Ed. 1. Iowa State College Press. 1957. 
__ , joint author. See under Pease. 
Patton, M.B., joint author. ~...!!!!!!!!Marlatt. 
Pauls, J,, joint author. ~~ Story. 
Paulsen, A,, joint author. See.under Heady. 
580. Pease, Damaris and M. Pattis~;;;;rvation: A method of learning about 
children. Jour. Hane Econ. IJ!l.:755-757. 1956. 
581. Penny, L.H. and F.F. Dicke. A single gene-pair controlling segregation 
for European corn borer resistance. Agron. Jour, _42:193-196. 1957. 
582. Perkins, H.J. and S. Aronoff, Identification of the blue-fluorescent 
compounds in boron-deficient plants. Arch. Biochem. and Biophys. 
g:.5o6-507. 1956. 
583. 
585. 
STAFF MEMBER PUBLICATIONS, 1956-57 337 
Pesek, John and Lloyd Dumenil. An extra dividend from fertilizer use. 
Plant Food Rev. 3(3):4-6. 1956. 
and J.R. Webb. Economic interpretation of the importance of water 
~ubility in phosphorus fetilizers when used as hill fertilizers for 
corn. Fertilizer Innovations and Resource Use. 2:15-28. Ed. 1. Iowa 
State College Press. 1957. 
--•--• H.R. Meldrum, and J.A. Stritzel. Liquid fertilizers? 
Iowa Farm Science. 1!(10):15-18. 1957. 
, joint author. See under Baum, Brown, W.G., Heady, Sabey, Stritzel. 
=:::::::::=, Co-Editor. Fertilizer Innovations and Resource Use. 
586. Peterson, D.T. and D.J. Beerntsen. Vacuum fusion determination of oxygen 
and nitrogen in lanthanum. Analyt. Chem. 29:254-257. 1957. 
587. , P.F. Diljak, and C.L. Vold. The structure of thorium-magnesium 
~ermetallic COlllflOUnds. Acta Crystallograph. 2:1036. 1956. 
Peterson, J.D., joint author. S@e under Royer. 
Peterson, L.E., joint autRor. See under Lana. 
Peterson, N., joint author. See under Ehrenkranz. 
\.// PhilliJi>s, E., joint author. ~~McDonald. 
588. Phillips, Richard. Finding answers etc cooperative problems through 
econo111ic research. in: Research on Agricultural Cooperation in West 
Central States. pp. 23-27. Ed. 1. American Institute of Cooperation. 
1957. 
589. 
590. 
591. 
592. 
593. 
594. 
, E.L. King, and Orval Lindell• Do you know your cooperative? 
--:i;4"pp. Ed. 2. American Institute of Cooperation. 1957. 
Pierre, W.H., COflsulting Editor. Soil Science. 
__ , Consulting Editor. AgronC111y Journal. 
Plaisted, R.L. Onion fiela Ji>lot technique. Amer. Soc. Hort. Sci., Proc. 
ft!.:390-397. 1956. 
, T.W. Horner, and E.Jil. Lana. Design and analysis of onion storage 
trials. Amer. Soc. Hort. Sci., Pree. _22:412-420. 1957. 
Pohl, Richard W. Andropogon praeA111turas, a fungus-induced monstrosity. 
Rhodora. 5*:326-327. 1956. 
Polder, E.B., 
Porter, A.R., 
Petgieter, F. 
wear? Iowa 
Presler, P.A. 
336. 1:956. 
joint author. Se! urnJer Hendrickson. 
joint author. Sej under Foreman. 
and O. Rollerson. Children 1 s clothes, how we 11 do they 
Far11 Science. ll ( 10): 22-25. 1957. 
When1 s the best time to buy? Iowa Farm Science. 1!•335-
Presley, E.T., joint author. See under Getty. 
595. Preston, R., E. Cheng, and W. Burroughs. Growth and other physiological 
reSJi>Onses te diethylstilbestrol in diet of rats and guinea pigs. Proc. 
IGWa Acad. !ici. ~:423-427. 1956. 
596. Puri, R.P., F.R.Duke, and J. Lamnes. Electrical conductance studies on 
an ien excha1199 resin. Iowa State Coll. Jour. Sci. J.1:25-31. 1956. 
597. Quinn, L.Y., G.E. McKimpsen, G. Ashton, S. Balloun, and D. Catron. 
Further study of a growth facter from Aspergillu§ flavus 18. 
Bact. Proc • .!22!!.23. 1954. 
598. __ , V.C. Speer, and D.V. Catron. Hemaggutinin titers in swine 
a~ainst an enteropathogenic strain of E•cherichia coli. Bact. Proc • 
.!221:26. 1957. -
594}. __ , R.D. Will>ur, H. ZUcker, H. Brown, and D.V. Catron. 1!J vitro 
reSJil"A&e of Ca!Jdida albicans and ~ tropicalis to antifungel 
agents. llact. Proc. 1957:21-22. 1957. 
__ , joint autho... Ste 11n9er Barnhart. 
338 STAFF MEMBER PUBLICATIONS, 1956-57 
600. Radisson, J.J., E.E. Bartley, T.H. Lord, and M.J. Swensen. The mode of 
action of antibiotics in the nutrition of the dairy calf. II. Effect 
of aureomycin administered orally to young dairy calves on the sensit-
ivity of intestinal bacteria to phagocytosis. Jour. Dairy Sci. 39: 
1386-1395. 1956. 
601. Ramsey, F.K., C.E. Brandner, and D.L. Baker. Nocardiosis in a dog. 
Iowa State Coll. Vet. 1.'2:173-176. 
602. and W.H. Chivers. Pathology of a mucosal disease of cattle. Jour. 
Amer. Vet. Med. Assoc. 139:381-383. 1957. 
Ranck, R.O., joint author • .§2~ Gilman, H. 
Rao, R.K., joint author. ~~~Arnold. 
603. Ratcliff, L. and N.L. Jacobson. Use of corn distillers dried solubles 
and of enzymes in calf feeds. jg: 76 pp. Distillers Feed Conference. 
1957. 
60!,.. Raun, A. E. Cheng, and W. Burroughs. Phytate phosphorus hydrolysis and 
availability to rumen microorganisms. Agric. and Food Chem. ~:869-871. 
1956. 
605. Raun, Earle S. Chicken louse and mite control with Malathion formulations. 
Jour. Econ. Ent. ~:628-629. 1956. 
6o6. __ Problems and trends in insecticide usage on animals. Iow<'.l Vet. 
28:31-32. 1957. 
6o7. and J.H. Lilly. How to control livestock pests. Successful Farming • 
.22(4):45-52. 1957. 
Ray, A.E., joint author. See under Smith, J.F. 
Richard, M.J., joint author. See under Fritz, J.S. 
Richards, A.B., joint author. ~~Shepherd. 
Richardson, J.W., joint author. See under Atoji. 
608. Ridenhour, R.L. Clear Lake angli;g"l:n 1956. Iowa Conservationist. 
1§(4):123,127,128. 1957. 
609. and C.J. DiCostanzo. Nylon vs. linen gill nets at Clear Lake, Iowa. 
Proc. Iowa Acad. Sci. 63:700-70!,.. 1956. 
Riecken, F.F., joint author • .§2~nder Folks, Godfrey, Shrader, White. 
Riley, B.G., joint author. See under Schaller. 
610. Rising, J.S. and D.D. Glower. Engineering graphics - Problem Book I. 
63 pp. Ed. 1. Wm. C. Brown Book Company, Dubuque, Iowa. 1957. 
6ll. __ , __ • Engineering graphics - Problem Book III. 58 pp. Ed. 1. 
Wm. C. Brown Book Company, Dubuque, Iowa. 1957. 
612. Roberson, O. Don't overlook money-saving make-overs. Iowa Farm Science. 
l.1•379-381. 1956. 
613. New ways with castaways. Iowa State Coll. Bull. HE37. 8 pp. 
1956. 
__ , joint author. See under Ehrenkranz, Potgieter. 
614. Robinson, J.L., G.D. Hutchcroft, and G.W. Wengert. Report of the Iowa 
Crop Improvement Association for 1954 and 1955. Iowa Year Book of 
Agriculture 1954-1955. pp. 118-136. 1956. 
, joint author. See under Hutchcroft. 
Robinson, V.L., joint author. ~under Yoho. 
615. Roderuck, C., C. Pudelkewicz, E.H. Jebe, and E.S. Eppright. Serum 
vitamin C of Iowa school children and its relationship to diet and age. 
Jour. Nutrition. _2't:309-318. 1956. 
Rogers, T.H., joint author. ~under Fleming, Gardner, F.P. 
617. Rohwer, R.A. The social status and occupational prospects of married 
farm laborers in Cherokee County, Iowa, 1949. Agric. Exp. Sta. Bull. 
16 pp. 1957. 
Rosenberger, W.S., joint author. See under Lusas. 
Ross, I.G., joint author. See under Goodman. 
618. Rothenbuhler, W.C. and V.C. Thompson. Resistance to American Foulbrood 
in honey bees. I. Differential survival of larvae of different genetic 
lines. Jour. Econ. Ent. !fl.(4):470-475. 1956. 
STAFF MEMBER PUBLICATIONS, 1956-57 
619. Rourke, J.D., W.D. Shrader, and C.H. Alkinson. Soil survey of Living-
ston County, Missouri. 55 pp. Government Printing Office. 1956. 
Rowe, W.E., joint author. See under Arnold. 
Roy, C.J., joint author. See under Handy, Stump. 
Roychandhuri, D.K., joint author. See under Wenkert. 
339 
620. Royer, K., F.W. Nelson, W.R. Simpson, and J.D. Peterson. 333 questions 
and answers for firemen. Iowa State College Eng. Ext. Serv. Res. Bull. 
128. 1957. 
, Editor. Fire Service Information. 
Ruch, R.J., joint author. See under Bartell. 
Rudelkewicz, c., joint author. See under Roderuck. 
Ruedenberg, K., joint author. See under Ham. 
621. Ruhe, R.W. Geomorphic surfaces and the nature of soils. Soil Sci. 
82:441-455. 1956. 
622. Rundle, R.E. Methyl compounds of the elements. Jour. Phys. Chem. 
60: 1659. 1956. 
623. 
624. 
__ Electron deficient compounds. Jour. Phys. Chem. 61:45-50. 
and J.D. Corbett. Concerning the symmetry of benzene-positive 
complexes; unipositive third group ions. Jour. Amer. Chem. Soc. 
'J!1:757. 1957. 
__ , joint author. See under Atoji, Dahl, Zaslow. 
Runkles, J.R., joint author. See under Shaw. 
Rusk, H.W., joint author. See under Fahey. 
625. Sabey, B.R., W.V. Bartholomew, R. Shaw, and J. Pesek. Influence of 
temperature on nitrification in soils. Soil Sci. Soc. Amer., Proc. 
20:357-360. 1956. 
Santucci, L., joint author. See under Gilman, H. 
Savage, W.R., joint author. See under Johnson, R.G. 
626. Schaeffer, Riley. The molecular structure of B10H12I 2• Jour. Amer. 
Chem. Soc. 'J!1:2726-2729. 1957. 
627. __ A new type of substituted bovane. Jour. Amer. Chem. Soc. 
Tl.: loo6. 1957. 
628. __ Mechanism of formation of pentabovane-9 from pentabovane-11. 
Jour. Chem. Physics. 26:1349. 1957. 
__ , joint author. See under Dickerson. 
1957. 
ion 
629. Schaller, F.W. and B.G. Riley. The water problem in Iowa. Iowa State 
College Res. Bull. P-122. 34 pp. 1957. 
630. and J.F. Timmons. Economic considerations ~n agricultural land 
use from public and private viewpoints. Jour. Soil and Water Conserv. 
11:265-270. 1956. 
__ , joint author. See under Clapp. 
Schectman, R.M., joint author. See under Good. 
Schieferstein, R.H., joint author. See under Loomis. 
631. Schmidt, C.H. and P.A. Dahm. The synthesis of C14--labeled piperonyl 
butoxide and its fate in the Madiera roach. Jour. Econ. Ent. '42= 
729-735. 1956. 
Schmidt, F.A., joint author. See under Carlson, O.N. 
632. Schmidt, J.L. and W.V. Hukill. Effect of artificial drying on the 
yield of head rice and the germination of rice. The Rice Journal. 
_22:28-31. 1956. 
__ , joint author. See under Dale. 
Schnittker, J., joint author. See under Heady. 
633. Scholl, J.M. Pasture when you need it. What's New In Crops and Soils. 
,2:14-15. 1957. 
634. __ , W.H. Hale, and M.M. Hoover. Feeding value of smooth bromegrass 
Bromus inermis and meadow bromegrass, ~ eractus. Agron. Jour. 
:42:276-277. 1957. 
J 
'-
340 STAFF MEMBER PUBLICATIONS, 1956-5'7 
635. Scholtes, W.H. Radioactivity qf wood. The Forester. 1±4:23-26. 1957. 
636. College training in soil conservation. Soil Conservation. ~: 
---ioB-111. 1956. 
637. Schwarte, L.H. Hog cholera. Iowa State Coll. Agric. Ext. Serv. Publ. 
V-248. pp. 248-249. 1956. 
638. Incidence cif hog cholera in Iovia during the past year and studies 
made on current field problems. Vet. Med • .2.1:559-561. 1956. 
__ , joint author. See under Biester. 
639. Schwenk, Lillian C. Age and sex of motor vehicle fatality victims. Proc. 
Iowa Acad. Sci. §J.:615-619. 1956. 
640. Scott, A.D., J.J. Hanway, and G. Stanford. Thermal studies of ammonium 
fixation and release in certain clay minerals. Amer. Mineralogist. 
{i,!:701-721. 1956. 
__ , joint author. See under Hanway. 
Segal, w., joint author. See under Frederick. 
641. Segel, S.L., R.G. Barnes, P.J. Bray. Nuclear quadrupole resonances of 
Cl35 and Br79 in some heterocyclic compounds. Jour. Chem. Physics. 
25: 1286-1287. - 1956. 
__ , joint author. See under Barnes, R.G., Casabella. 
642, Seifert, George. Limiting sets of trajectories of a pendulum-type 
system. Proc. Amer. Math. Soc. 1:1082-1084. 1956. 
644. 
645. 
646. 
647. 
61,.8. 
649. 
650. 
651. 
652. 
653. 
__ A rotated vector approach to the problem of stability of solutions 
of pendulum-type equations. Contributions to the Theory of Nonlinear 
Oscillations. J:l-16. 1956. 
Serovy, G.K., joint author. See under Standahar. 
Sessler, A.M., joint author. See under Kerst. 
Shaw, R.H. Situation report on cloud'seeding. Iowa Farm Science • .U.:455-
457. 1957. 
__ and G.L. Barger. The amount, distribution, and disappearance of 
rainfall in Iowa. Iowa Water Resources. Chapt. 11:3-7. Ed. 1. Iowa 
State College'Press. 1956. 
and J.R. Runkles. Soil moisture and water utilization in Iowa. 
Agron. Jour. .4§:313-318. 1956. 
, joint author. Se~ under Barger, Metcalfe. 
Shaw, W.V., joint author. See under Sabey. 
Shepherd, Geoffrey. Agricultural price analysis. 293 pp. Ed. 4. 
Iowa State Co_llege Press. 1957. 
Discussion: Research methods in price analysis. Jour. Farm Econ. 
J.§:1437-1440. 1957. 
and Allen Richards. Effects of the United States Department of 
Agriculture stora"ge program on corn carryover and corn utilization. 
Iowa State Coll. Res. Bull. 446. 24 pp. 1957. 
Shove, Gene C. Use a self-feeding haykeeper to save labor. Iowa State 
Coll. Ext. Serv. Bull. Pm-239. 4 PP• 1957. 
Shrader, W.D., F.F. Riecken, and A.J. Englehorn. Effect of soil type 
differences on crop yields on Clarion-Webster soil in Iowa. Agron. 
Jour. ft2:254-257. 1957. 
Shull, H. and P. Lowdin. Correlation splitting in helium-like ions. 
Jour. Chem. Physics. 25:1035-1040. 1956; 
, joint author. See under Goodman. 
Shurtleff, M.C. Plant disease outlook for 1957. Iowa Farm Science. 
FS-690. 11(7). 1957. 
, joint:'""author. See under Cott, Gunderson. 
Shrader, W.D., joint author. See under Heady, Rourke. 
Sigscomb, W.N., joint author. See under Dickerson. 
654. Simons, M.D. The genetic basis of the crown rust resistance of the oat 
variety Ascencao. Phytopath. 4.§:414-416. 1956. 
655. 
657. 
658. 
659. 
660. 
STAFF MEMBER PUBLICATIONS, 1956-57 
Physiologic races of crown rust of oats identified in 1955. 
Plant Dis. Reporter. ~:810-813. 1956. 
Simpson, W.R., joint author. See under Royer. 
Skochdopole, R.E., joint author. See under Griffel. 
Skodji, M.T., joint author. See under Baumann. 
Skrdla, W.H., joint author. See under Blaser. 
341 
Smith, J.F.D. The design of rubber mountings • .!!!= Engineering Uses of 
Rubber. )2y: A.T. McPherson. 36 pp. Ed. 1. Reinhold Publishing Corp. 
1956. 
__ A.S.E.E. suggestions for long-range improvement program in science 
teaching for secondary schools. Jour. Eng. Educ. Q:376-380. 1956. 
Smith, J.F. and D.M. Bailey. The structures of ZrGe 2 , HfSi 2 , and HfGe 2 • 
Acta Crystallographica. 10:341-342. 1957. 
, O.N. Carlson, and R.W. Vest. Allotropic modifications of calcium. 
--:Jc;;;r. Electrochem. Soc. 103:409-413. 1956. 
__ and A.E. Ray. The structure of V4AP23 • Acta Crystallographica • 
.!Q:l69-172. 1957. 
661. Smith, Leslie. Let 1 s bake yeast bread. 
1956. 
Iowa State Coll. Ext. Serv. Bull. 
HE25a. 8 PP• 
Smith, M., joint author. See under Bryan. 
Smutz, M., joint author. See under Barghusen, Knapp, Koerner. 
662. Snedecor, G.W. Statistical Methods applied to experiments in agriculture 
and biology. 534 pp. Ed. 5. Iowa State College Press. 1956. 
__ , Editor, Queries Section. Biometrics. 
__ , Editorial Board. Biometrics. 
Snyder, J.N., joint author. See under Belford. 
Soddy, T.S., joint author. See under Gilman, H. 
SOV!ll, J.A., joint author. See under Getty. 
663. Spangler, M.G. Discussion of "Simplified Design Method for Reinforced 
Concrete Pipe" by Dudley P. Babcock. Proc. Hwy. Res. Board. 22: 
840 PP• 1956. 
664. __ Stresses in pressure pipelines and protective casing pipes. 
Proc. Structural Div. Amer. Soc. Civil Eng. Paper No. 1054. 1956. 
665. and J.L. Mickle. Lateral pressures on retaining walls due to 
backfill surface loads. Hwy. Res. Board Bull. 141. 1957. 
Speaker, E.B., joint author. See under Hendrickson. 
Speck, M.L., joint author. See under Foster. 
666. Spedding, F.H. and A.H. Daane. The preparation and properties of rare 
earth metals. in: Progress in Nuclear Energy. Vol. l· 29 pp. 
Pergamon Press. 
667. __ , __ , and K.W. Herrmann. Electrical resistivities and phase 
transformations of lanthanum, cerium, praseodymium, and xeodymium. 
Jour. Metals. 2:895-897. 1957. 
668. __ , __ , __ • The crystal structures and lattice parameters of 
high-purity scandium, yttrium, and the rare earth metals. Acta 
Crystallographica. 2:559-563. 1956. 
669. __ , S. Legvold, A.H. Daane, and L.D. Jennings. Some physical pro-
. perties of the rare earth metals. in: Progress in Low Temperature 
Physics. )2y: C.J. Gorter. l.!:368-394. North-Holland Publishing 
Company, Amsterdam, Holland. 1957. 
__ , joint author. See under Barson, Behrendt, Griffel, Johnson, R.G., 
Knapp. 
670. Speer, v.c., G.E. Combs, Jr., G.C. Ashton, and D.V. Catron. Protein 
levels with and without an antibiotic for growing-finishing swine fed 
legume pasture. Jour. Animal Sci. 15:1052-1058. 1956. 
__ , joint author. See under Baker,Hays, Johnson, C.W., Quinn. 
Spooner; J.L., joint author. See under Banks. 
Sprague, G.F., Statistical Editor. Agronomy Journal. 
__ , joint author. See under Clem. 
342 STAFF MEMBER PUBLICATIONS, 1956-57 
Stacey, W.H., joint author. See under Luebben. 
671. Stadler, Janice and John W. Gowen. Contributions to survival made by 
body cells of genetically differentiated strains of mice following 
X-irradiation. The Biological Bull. 112(3):400-420. 1957. 
672. __ , __ • Radiation effects on active acquired immunity to Salmonella 
Typhimurium in mice. Jour. Infect. Dis • .!QQ(3):300-310. 1957. 
673. __ , __ • Radiological effects of resistance mechanisms of genetically 
differentiated strains of mice exposed to Salmonella Typhimurium. 
Jour. Infect. Dis. 100(3):284-299. 1957. 
Stage, D. V., joint author'. See under Hansen. 
674. Standahar, R.M. and G.K. Serovy. Some effects of changing solidity by 
varying the number of blades on performance of an axial-flow compressor 
stage. National Advisory Committee For Aeronautics Res. Memo. 
RME52A31. 46 pp. 1957. 
Stanford, G., joint author. See under Hanway, Scott. 
675. Staniforth, D.W., E.P. Sylwester, and W.G. Lovely. Weed control in corn. 
Iowa Farm Science. ll(lO) :3-6. 1957. 
676. and C.R. Weber. A new slant on weedy beans. Iowa Farm Science. 
Iowa Farm Science. ll(9) :27-29. 1957. 
677. __ , __ • Effects ofannua 1 weeds on the growth and yield of soy-
beans. Agron. Jour. !J:§.:467-471. 1956. 
678. Starkey, R.L., G.E. Jones, and L.R. Frederick. Effects of medium 
agitation and wetting agents on oxidation of sulfur by Thiobacillus 
thiooxidans. Jour. Gen. Microbial. 15:329-334. 1956. 
__ , joint author. See under Frederick. 
Stevens, I.E., joint author. See under Wenkert. 
Stewart, M.G., joint author. See under Hammer. 
679. Storvick, David A. On meromorphic functions of bounded characteristic. 
Proc. Amer. Math. Soc. ~:32-38. 1957. 
680. Story, C.D., E.W. Cheng, J. Pauls, and W.H. Hale. Estrogenic activity 
of feces and urine following oral administration of diethylstilbestrol 
to lambs. Jour. Animal Sci. 1§:307-311. 1957. 
Strand, N.V., joint author. See under Gaarder. 
681. Stritzel, J.A. Fertilizer use for efficient crop production. Iowa 
State Coll. Pamphlet Pm-227. 16 pp. 1956. , 
682. __ Guide to fertilizer use for the Clarion-Webster Soil Association 
areas. Iowa State Coll. Pamphlet Pm-228-1. 2 pp. 1956. 
683. __ Guide to fertilizer use for the Carrington-Clyde Soil Association 
area. Iowa State Coll. Pamphlet Pm-228-2. 2 pp. 1956. 
684. __ Guide to fertilizer use for the Fayette-Dubuque and Tama-Downs 
Soil Association areas. Iowa State Coll. Pamphlet Pm-228-3. 2 pp. 1956. 
685. __ Guide to fertilizer use for the Tama-Muscatine, Mahaska-Taintor 
and Clinton-Lindley Soil Association areas. Iowa State Coll. Pamphlet 
Prn-228-4. 2 PP• 1956. 
686. __ Guide to fertilize use for the Shelby-Grundy-Haig and Shelby-
Seymour-Edina Soil Association areas. Iowa State Coll. Pamphlet 
Pm-228-5. 2 PP• 1956. 
687. Guide to fertilizer use for the Shelby-Sharpsbury-Winterset, 
Marshall, and Monona-Ida-Hamburg Soil Association areas. Iowa State 
Coll. Pamphlet Pm-228-6. 2 pp. 1956. 
688. __ Guide to fertilizer use for the Galva-Primghar Sac and Moody 
Soil Association areas. Iowa State Coll. Pamphlet Pm-228-7. 1956. 
689. __ , J.T. Pesek, R.P. Nicholson, and H.R. Meldrum. Don't forget - -
Lime for acid soils. Iowa Farm Science. 11(5):5-8. 1956. 
__ , joint author. See under Brown, W.G., Guttay, Pesek. 
690. Stump, R.W., R.L. Handy, D.T. Davidson, and C.J. Roy. Property studies 
of Alaskan silts in the Matanuska Valley, Big Delta, and Fairbanks 
areas. Proc. Iowa Acad. Sci. §2.:477-513. 1956. 
STAFF MEMBER PUBLICATIONS, 1956-57 343 
691. Suhr, V.W. Comparing inventory items by use of IBM punch cards. Proc. 
Iowa Acad. Sci. .§.2.:581-585. 1956. 
692. Sullivan, L.M. How to write a standardized recipe. Jour. Amer. Hospital 
Assoc. ,22:61-64. 1956. 
, Food Editor. The Iowan. 
693. s,:;;;;;;;r, R. and D. French. The action of ~-amylase on branched olig-
saccharides. Jour. Biological Chem. '?:21,:469-477. 1956. 
Sutton, S.A., joint author. See under Fritz, J.S. 
'694. Svec, Harry J. Cold trap anti-icing shield. Rev. Scientific Instruments. 
27:969-970. 1956. 
695. __::::_and Charles Apel. Metal-water reactions. VI. Kinetics of the 
reaction between calcium and water vapor. Jour. Electrochem. Soc. 
~:346-349. 1957. 
__ , joint author. See under Deal. 
696. Swanson, c.o. Comparison of motor vehicle traffic death rate trends in 
Iowa, Washington, and the U.S. Proc. Iowa Acad. Sci. fil:60o-60L,.. 1956. 
__ , joint author. See under Lauer. 
Swanson, Pearl, Member of Editorial Canmittee. Iowa State College Press. 
697. Swartzendruber, Dale. Anomalies in capillary intake as explained by 
capillary rise. Soil Sci. Soc. Amer., Proc. ~:453-458. 1956. 
698. and Don Kirkham. Capillary fringe and flow of water in soil: 
II. Experimental results. Soil Science. 82:81-95. 1956. 
Swayampati, D.R., joint author. See under Gilman, H. 
Swenson, Clayton A., Member, Board of Editors. Review of Scientific 
Instruments. 
Swenson, M.J., joint author. See under Radisson. 
__ , Member, Research Council of Amer. Vet. Med. Assoc. in charge of 
Biochemistry and Nutrition Section. American Journal of Veterinary 
Research. 
699. Switzer, C.M. Effects of herbicides and related chemicals on oxidation 
and phosphorylation by isolated soybean mitochoridria. Plant Physiol. 
32:42-44. 1957. 
700. Switz~r, W.P. Studies on infectious atrophic rhinitis. V. Concept that 
several agents may cause turbinate atrophy. Amer, Jour. Vet. Res. 
17:478-484. 1956. 
Sylwester, E.P., joint author. See under Bakke, Bass, Staniforth. 
701. Symon, K.R., D.W.Kerst, L.W. Jones, L.J. Laslett, and K.M. Terwilliger. 
Fixed-field alternating-gradient particle accelerators. Physical Rev. 
l.9.:a:l837-l859. 1956. 
__ , joint author. See under Kerst. 
Tabeling, R.W., joint author. See under Fassel. 
702. Tanner, W.D., Jr. and G.O. Hendrickson. Ecology of the King Rail in Clay 
County, Iowa, Iowa Bird Life, 26:54-56. 1956. 
703. __ , __ • Ecology of the Sora in Clay County, Iowa. Iowa Bird Life 
~:78-81. 1956. 
701,.. Tauber, O.E. and L. Fleming. Laboratory guide for Zoology 358: 
Physiology of reproduction. 215 pp. Ed, l. Iowa State College Print-
ing Service. 1957. 
705. __ , D.E. Harding, and R.E. Haupt. A laboratory guide for elementary 
physiology. 224 pp. Ed. l. Burgess Publishing Co., Mpls, Minn. 1957. 
__ , joint author. See under Bol'len. 
7o6. Taylor, Bruce, W.H. Hale, and w. Burrdughs. Growth and fattening 
stimulation in ewe lambs by certain androgenic and estrogenic compounds. 
Jour. Animal Sci, l6:294-3o6. 1957. 
__ , joint author. See under Ayres. 
Taylor, T.H., joint author. See under Blaser. 
344 STAFF MEMBER PUBLICATIONS, 1956-57 
7Cfl. Telser, Lester G. The support pragram and the stability of cotton prices. 
Jour. Farm Econ. _22:398-408. 1957. 
Terwilliger, K.M., joint author. See under Kerst, Symon. 
Tetrault, P.A., joint author. See under Hartman. 
Thomas, B.H. 1 joint author. See under Yoder. 
Thomas, F., joint author. See under Ayres. 
708. Thomas Leo A. and W.W. Williams. The Gilmore City formation at Fort 
Dodge, Iowa. Iowa Acad. Sci., Proc. §2.:445-449. 1956. 
709. Thomas, W.I. and J.C. Eldredge. Popcorn experiments for 1956. The 
Popcorn and Concessions Merchandizer. 12:3-13. 1957. 
710. and I.J. Johnson. Inheritance of pollen restoration and trans-
mission of cytoplasmic sterility in popcorn. Agron. Jour. !t§.:472-474. 
1956. 
__ , joint author. See under Eldredge. 
Thompson, H.E., joint author. See under Kalton, Metcalfe, Wiggans. 
Thompson, L.M. Soils and soil fertility. 451 pp. Ed. 2. McGraw-Hill 
Book Co. 1957. 
\,, 712. Thompson, Sam A. Why the livestock price slump? Iowa Farm Science. 
11(4):7-10. 1956. 
\./ 713. __ Top quality hogs bring more money. Wallace• s Farmer and Iowa 
Homestead. §.!(22): 14. 1956. 
·J' 714. Marketing hogs on carcass plan. Wallace• s Farmer and Iowa 
~estead. 82(2):9. 1957. 
'v 715. __ How much more for a meat hog? Wallace• s Farmer and Iowa Home-
stead. 82($): 13. 1957. 
716. 
717. 
718. 
719. 
720. 
721. 
722. 
723. 
724. 
725. 
\\ 726. 
Thompson, V.C., joint author. See under Rothenbuhler. 
Thirtle, J.R., joint author. See under Jones, R.G. 
Thorne, R.F., joint author. See under Aik;nan. 
Tiemeier, Otto W. and R.B. Moorman. Lirnnological observations on sane 
Flint Hills farm ponds. Trans. Kansas Acad. Sci • .§Q:l67-173. 1957. 
Tiffany, L.H., joint author. See under Gilman, J.C. 
Timmons, John F. Improving agricultural tenancies. Technical Monograph 
No. JO. U.N. Food and Ag1ic. Organ. 
Theoretical frame work for allocating water between competing 
uses and users. Jour. Farm Econ. ~:1244-1258. 1956. 
__ ,J.C. O'Byrne, and R.K. Frevert. Iowa's water resources - Sources, 
Uses, and t;lws. 225 pp. Ed. 1. Iowa State Col~ege Press. 1956. 
__ , joint author. See under Pavelis, Schaller, Wunderlich. 
Ting, Y.C., A.E. Kehr, and J.C. Miller. A cytological study of the 
sweet potato plant, lpomoea ~~· and its related species. 
Arner. Nat. _2!: 197-203. 1957. 
Tintner, Gerhard. Elementi di politica econornica razionale. 
Econometrica. ~:49a-495. 1956. 
__ Statistik und Okonometrie. Statistische Vierteljahresschrift. 
2:92-100. 1956. 
Mathematics and statistics for economists. Metroeconornica. 
--s7i46-148. 1956. 
_-_ Les programmes lineaires stochastiques. Revue d'~conomie 
politique. 67:208-215. 1957. 
__ La theorie probabiliste de carnap et son application aux problemes 
de l 1 econornetrie. Economie Appliquee. 10:19-22. 1957. 
__ Game theory, linear programming, and input-output analysis. 
Zeitschrift fUr Nationalokonomie. 17(1):1-38. 1957. 
__ , Member, Board of Editors. Metroeconornica. 
__ , Book Review Editor. Econometrica. 
, Associate Editor. Econometrica. 
Tischer, R.G., joint author. See under Hursicz. 
STAFF MEMBER PUBLICATIONS, 1956-57 345 
727, Tollin, G. and S.W. Fox. Enzymic synthesis of peptide bonds. VII. Com-
petition between some benzoylamino acids and benzoylipeptides in 
papain-catalyzed reactions with glycinanilide, Arch. Biochem, and 
Biophys. 66:411-417. 1957. 
728. __ , __ • Enzymic synthesis of peptide bonds. VIII. Activation 
phenomena in the papain-catalyzed synthase of peptide bonds. Arch. 
Biochem. and Biophys. 66:418-426, 1957. 
729. Townsend, Marshall. Meet 11the Press". Iowa State College Alumnus. 
PP• 6,7, 18, 1957. 
730. Iowa State College Press. Publishers Weekly. 171(22):42-44. 
1957. 
731. Truesdell, A.B. and J,A. Bath. Clinical and actuarial predictions of 
academic survival and attrition, Jour. Counseling Psycho!. 4:50-53. 
1957. 
732. Vance, Ben, The home vegetable garden. Iowa State Coll, Pamphlet 
Pm-238. 8 PP• 1957. 
, joint author. See under Cott. 
733. Van Doorninck, W.M. and E.R. Becker. Transport of sporozoites of Eimeria 
necatrix in macrophages. Jour, Parasitol. !J.:40-44. 1957. 
~• joint author. See under Becker. 
Van Horn, William H., Chief Editor. Iowa State College Press publications. 
734, Van Zante, Helen I. Do you have adequate housepower? Iowa Farm Science. 
l!,: 551-553. 1957. 
Vegotsky, A., joint author. See under Fox, s.w. 
Vest, R.W,, joint author. See under Smith, J.F. 
Voelker, D., joint author. See under Burroughs. 
735. Voigt, A.F. Liquid metal extraction for processing of spent fuel • .!J:!: 
Reactor Operational Problems. £y: Hughes, D.J,, S. McLain, and 
Clark Williams. PP• 132-137. Pergamon Press, New York, London, Paris, 
1957. 
736. __ The purification of uranium reactor fuel by liquid-metal 
extraction. in: Progress in Nuclear Engergy, Series III "Process 
Chemistry" • .!:322-328. Pergamon Press Ltd., London. 1956. 
__ , joint author. See under Horrocks, King, Moser. 
Vold, C.L., joint author. See under Peterson. 
Von Winbush, s., joint author. See under Corbett, 
Wacasey, J.W., joint author, See under Melampy. 
737. Wahlgren, H.E. Effect of tension wood in a Leaning Eastern Cottonwood. 
Forest Products Jour. 1:214-219. 1957. 
738. Walker, H.W. and J.C. Ayres, Residual concentrations of tetracyclines 
found in the skin and tissue of chicken. Bact. Pr,oc, 20 pp. 1957. 
739. , • Incidence and kinds of microorganisms associated with 
---z.;-mmercially dressed poultry. Appl. Microbiol. 4:345-349. 1956. 
__ , joint author. See under Ayres, -
740. Wallace, J,J, and R.R. Beneke. Managing the tenant-operated farm. 
264 pp. Ed. 1. Iowa State College Press, 1956. 
Ward, I.J., joint author. See under Handy. 
Ward, R.M., joint author. See under Allen, R.S. 
Webb, J.R., joint author. See under Pesek, 
741. Weber, C.R. Iowa soybean variety trials 1951-1956. Iowa Agric, Exp. Sta, 
Agron. Dept. No. 391 (mimeo.) 1957. 
__ , joint author. See under Horner, MUlllaw, Staniforth. 
__ , Editorial Board, Iowa Farm Science, 
Weipert, E.A., joint author. Sea u!!der Gilman, H. 
Wallerson, R., Jr,, joint author. §et unqcr Hartman. 
346 STAFF MEMBER PUBLICATIONS, 1956-57 
742. Wellman, Frank E. Differential predictions of high school achievement 
using single score and multiple factor tests of mental maturity. 
The Personnel and Guidance Jour. 35:512-517. 1957. 
Wengert, G.W., joint author. See under Robinson. 
743. Wenkert, Ernest and D.K. Roychaudhuri. A general method of determination 
of stereochemistry of certain indole alkaloids, the stereoconfiguration 
of serpentine and alstonine. Jour. Amer. Chem. Soc. ,72:1519-1520. 
1957. 
744. __ , __ • The C-3 configuration of certain indole alkaloids. Jour. 
Amer. Chem. Soc. 78:6417-6418. 1956. 
745. __ , __ • 3-Dehydro derivatives of some indole alkaloids. Jour. Organ. 
Chem. 21:1315-1316. 1956. 
746. and T.E. Stevens. A novel sterospecific synthesis of hydrophenan-
thrones. Jour. Amer. Chem. Soc. 78:5626-5631. 1956. 
Werkman, C.H., joint author. See und;r Ott. 
__ , Editor. Archives of Biochemistry and Biophysics. 
Westrum, E.F., Jr., joint author. See under Grimes. 
Wheat, J.G., joint author. See under Atkins. 
Wheatley, P., joint author. See under Dickerson. 
747. White, E.M. and F.F. Riecken. Characteristics of some soils of the 
Iowa Till Area of northeast Iowa. Proc. Iowa Acad. Sci. ~:460-469. 
1956. 
Whiteford, R.D., joint author. See under Getty. 
748. Wick, Janes R. New techniques in handling the Mildweed bug. Proc. 12th. 
Ann. Meet. North Central Branch Ent. Soc. Amer. )1:91. 1957. 
749. Wiggans, S.C. and K.J. Frey. Your oats seeding -- how early -- what rates? 
Iowa Farm Science. 11(9):16-18. 1957. 
750. __ , __ • Tillering studies in oats. II. Effect of photoperiod and 
date of planting. Agron. Jour. ~:215-217. 1957. 
751. __ , __ • Nitrogen uptake in oats. Proc. Iowa Acad. Sci. ~:266-273. 
1956. 
752. , D.S. Metcalfe, and H.E. Thompson. Chemical desiccants aid birds-
~t trefoil seed harvest. Down ,to Earth. 12(2): 20-21. 1956. 
753. 
754. 
755. 
756. 
757. 
758. 
759. 
760. 
__ , __ , __ • The use of desiccant sprays in harvesting birdsfoot 
trefoil for seed. Agron.Jour. 48:281-284. 1956. 
__ , joint author. See under FJ;y, Metcalfe. 
Wilbur, R.D., joint author. See under Baker, Quinn. 
Wilder, G.R., joint author. See under Gilman, H. 
Wilhelm, H.A. Thorium. in: Progress in Nuclear Energy, Series V, 
"Metallurgy and Fuels11 .-fil'.: Finniston, H.M. and J.R. Howe. 1:205-268. 
Pergamon Press Ltd., London. 1956. 
__ , joint author. See under Carlson, O.N., Koerner. 
Wilk, M.B. and O. Kempthorne. Some aspects of the analysis of factorial 
experiments in a completely randomized design. Ann. Math. Statistics. 
27:950-985. 1956. 
__ , __ • Non-additivities in a Latin square design. Jour. Amer. 
Statistical Assoc. 52:218•236. 1957. 
Williams, W.W., joint author. See under Thomas. 
Willis, w.o., W.E. Larson, and D. Kirkham. Corn growth as affected by 
soil temperature and mulch. Agron. Jour. ~:323-328. 19~7. 
Willrich, T.L., joint author. See under Schaller. 
Wilsie, C.P., joint author. See under Dudley, Gross. 
Wilson, C.L. and W.E. Loomis. Botany. Dryden Press, New York. 1957. 
Winders, G.R., joint author. See under Fisher, R.W. 
Wright, F.M. Some sufficient conditions for a determinate Hamburger 
moment sequence. Proc. Amer. Mathematical Soc. 7:1040-1043. 1956. 
Wunderlich, G. and J.F. Timmons. Iowa farm size continues up! Iowa 
Farm Science. 11•343-346. 1956. 
STAFF MEMBER PUBLICATIONS, 1956-57 347 
761. ---•--· Iowa's farms in name onlyl Iowa Farm Science. JJ.:363-364.. 
1956. 
762. ---•--· Who farms Iowa• s farms? Iowa Farm Science. JJ.:387-390. 
1956. 
Yamamura, S.S., joint author. See under Fritz, J.S. 
763. Yates, Norris. William T. Porter and the spirit of the times. 222 pp. 
Ed. 1. Louisiana State University Press. 1957. 
Yeh, H.H., joint author. See under Dean. 
Yoeman, F.A., joint author. See under Jones, R.G. 
764,. Yoho, J.G. and V.L. Robinson. Retail marketing of charcoal in Iowa. 
Forest Products Jour. 1:171-174. 1957. 
765. York, G.T. The effect of soil insecticide applications on the European 
corn borer. Proc. 11th. Ann. Meet. North Central Branch Ent. Soc. Amer. 
11:64.. 1956. 
766. Zaslow, B. and R.E. Rundle. The crystal structure of tetraphenylarsonium 
tetrachloroferrate (III), (C6H5 ) 4AsFeC14 • Jour. Phys. Chem • .2!_:490-494. 
1957. 
Zaletel, J.H., joint author. See under Alllen, R.S. 
Zinmerman, J., joint. author. See under Banks. 
767. Zinmermann, W.J. Field studies on Eimeria species in Iowa chickens. 
Poultry Sci. 2,2:184-193. 1957. ---
__ , joint author. See under Becker. 
Zmolek, w., joint author. See under Burroughs. 
Zucker, H., joint author. See under Qglnn. 


573 
AUTHOR INDEX 
Adams, JohnE. 
Anderson, Gerald Stanley 
Anderson, James Henry 
Anderson, Russell K. 
Armstrong, Philip Edward 
Atkins, R. E. 
Ayres, John Augustus 
Ball, Wilbur Perry 
Barton, Richard James 
Behrendt, Donald Ray 
Bell, Frank Fort 
Bivens, Gordon Ellsworth 
Blickenstaff, Carl C. 
Blue, M. Donald 
Bockhop, Clarence William 
Bouldin, David Ritchey 
Brendemuehl, Raymond Hugo 
Brigham, Raymond Dale 
Brown, Davis William 
Brown, Robe.rt Grover 
Buchele, Wesley F. 
Bureau, Alfred Joseph 
Burns, Edward Columbus 
Buthala, Darwin Arthur 
Cardosa, Jose Vicente 
Carlander; Kenneth D. 
Carter, Robert Clifton 
Cook, James P. 
485 
117 
117 
119 
121 
39 
122 
124 
126 
127 
128 
130 
133 
135 
136 
138 
140 
141 
143 
145 
95 
147 
148 
149 
150 
395 
151 
Couey, Harold Melvin 
Cowles, Harold Andrews, Jr. 
35 
153 
154 
Dahl, June Lomnes 
Dahl, Lawrence F. 
Daniels, Raymond Bryant 
Danielson, G. C. 
Debrecht, Frederick John 
Di Costanzo, Charles James 
Diehl, Harvey 
Doan, Arthur S. Jr . 
Doll, C. C. 
156 
157 
158 
463 
159 
19, 160 
471 
451 
63 
162 
164 
Dorsett, Howard Rissell 
Dudley, John Wesley 
Duke, Frederick R. 
Dunleavy, John 
35, 89,451 
105 
Ehrenreich, John Helmuth 
Erickson, John Morris 
Erlander, Stig Robert 
Eslyn, Wallace Eugene 
Fabiny, Robert John 
Fortney, Cecil Garfield, Jr. 
166 
168 
169 
1 71 
173 
1 74 
Gaines, James Abner 
Gamble, Edwin Ernest 
Grabe, Don F. 
Graf, Gerard Emiel 
Hackbarth, Winston Philip 
Hagstrom, Stanley 
Hampton, Richard Owen 
Handy, Richard L. 
Hansen, Wilford Nels 
Heckart, Harold Alexandei; 
Herd, G. Ronald 
Hinsch, Gertrude Wilma 
Holcomb, Robert Marion 
Honeycutt, Julian Bernard, Jr. 
Honstead, William Henry 
Hubbert, Farris Everett, Jr. 
Hudman, Donald Barton 
Husain, S. M. Aijaz 
Isely, Duane 
Jarvis, K.J. 
Johnson, Carlton Egbert 
Jones, James Thomas, Jr. 
Kelton, Leonard Alexander 
Kirkham, Don 
Kinney, R. W. 
176 
178 
179 
181 
182 
183 
184 
186 
187 
189 
190 
191 
192 
193 
195 
197 
198 
199 
355 
39 
201 
203 
204 
485 
455 
205 
206 
207 
208 
Klepfer, Harold Holmes 
Koerner, Ernest Lee, Jr. 
Koerner, James Frederick 
Kross, Robert David 
Kutkuhn, Joseph Henry 210,419 
Lawrence, John Medlock 
Long, William Henry 
Love, Harold Clyde 
Maki, Wilbur Richard 
Marshall, Carl Ernest 
McCracken, Ralph Joseph 
McMullan, Richard K. 
Miller, Walter G. 
Millett, Merlin Lyle, Jr. 
Moser, Herbert Charles 
Moorman, Robert B. 
Muncy, Robert Jess 
Munger, Elmer Lewis 
Munson, Robe rt Dean 
Nutter, Robert Leland 
Owen, .John Baxter 
212 
213 
215 
217 
219 
220 
222 
223 
225 
226 
71 
227,563 
229 
230 
231 
233 
574 
Paloumpis, Andreas A. 
Peacock, Hugh Anthony 
Peo, Ernest Ramy, Jr. 
Peterson, Norman C. 
Peterson, Paul Weber 
Presler, Alden Fredrick 
Preston, Rodney Leroy 
Pulsifer, H.G. 
234, 547 
236 
238 
Purcell, Joseph Carroll 
Quinn, Loyd 
Ranck, Ralph Oliver 
Rao, Rama Kanth 
Redin, R.D. 
Richardson, Albert Edward 
Richardson, James W. 
Ridenhour, Richard L. 
Rogers, Everett Mitchell 
Rounsley, Robert Richard 
Roychaudhuri, Dilip Kumar 
Schark, Allen Edward 
Schieferstein, Robert Harold 
Schmidt, Claude Henri 
Schnittker, John Alvin 
Scholtes, Wayne H. 
Schultz, John Theodore 
Schupp, Fritz Duane 
Scott, J. T. 
89,240 
240 
241 
243 
57 
244 
541 
246 
249 
463 
250 
252 
254 
255 
256 
257 
258 
259 
261 
485 
263 
264 
265 
Seagraves, James Arthur 
Shaw, Kernal Glenn 
Shaw, Robert H. 
Sheeler, John Briggs 
Smith, Charles Mortimer 
Smith, Harold Glenn 
Stockinger, Karl Ralph 
Stone, John Floyd 
Suhr, Virtus William 
Suzuki, Isamu 
Tanaka, John A. 
Thoburn, Wilbur C. 
Trapp, Orlin Dalton 
Vest, Robert Wilson 
Voigt, Adolf 
Ward, Charles Bradley 
Weekman, Gerald Rhoma 
Werkman, C.H. 
Whatley, Marvin E. 
Wheat, J.G. 
White, William Calvin 
Worden, David Gilbert 
Yao, Yi -·Ming 
Yoerger, Roger Raymond 
Young, Donald Fredrick 
266 
267 
63, 95, 349 
268 
269 
271 
272 
274 
275 
475 
277 
278 
279 
280 
471 
282 
284 
455,475 
285 
39 
286 
288 
349 
289 
Z90 
Zimmack, Harold Lincoln 291 
SUBJECT INDEX 
Aca~ia 
angu sti s sima 
var. hirta 
hirta 
Acachlla 
378 
angustissima var.~ 
hirta 
357,384 
378 
378 
378 
378 
358, 378 
440 
263 
Ac~cystis~ 
Acaricide s, toxicity to mites 
Acer saccharinum 1 71 
Achnanthes spp. 431 
Actinophrys sol 440 
Actinopodea 440 
Actinosphaerium eichorni 440 
Actinastrum hant~ 427 
Acuan 378 
AectlOsoma variegatum 445 
Alberta sp. 442 
~a 358 
julibrissin 359, 384 
Alfalfa, cercospora disease of 141 
, inheritance of floral 
abnormalities 164 
Algarobia 378 
Alkali nitrate mixtures 451 
Alkaline phosphatase in the 
down feather 1 73 
Alloys, magnetic properties of 278 
Ameiurus melas 550 
~a gorgonia 440 
spp. 440 
Amoebida 440 
Amphipleura pellucida 431 
Amphiprora ~ 431 
Amphora ovalis 431 
Anabaena circinalis 425 
spiroides 437 
var. crassa 425 
Anabaenops-r;-- 425 
circularis 425 
elenkini 425, 42 7, 439 
An~ emarginatus 434 
Ankistrodesmus 425 
falcatus 42 7 
~mirabilis 427 
var. stipitatus 427 
Annelida 445 
Anuraeopsis ~ 438, 439, 442 
Aphanizomenon 437 
flos-aquae 4Z5, 437 
Aphanocapaa delicatissima 
gelatinosa 
nidulans 
pulchra 
424,436,437,439 
424 
425 
424 
A. rivularis 
saxicola 
Ar~a 
~vulgaris 
Armyworm damage to corn 
Arthropoda 
Ascomorpha 
ecaudis 
As~a priodonta 
Astasia sp. 
~onella formosa 
Asterothrix r~des 
Avian bronchitis virus 
Azo-bis -isobutyronitrile, 
deromposition of 
Bacillariophyceae 
Bacillaria paradoxa 
Bacillus subtilis 
~e-a __ _ 
Beef cattle heritability of gain 
and grade 
Birdsfoot trefoil 
Bio-assay technique 
Black bullhead, reproduction 
and growth of 
Bluegill, growth of 
Bosmina longirostris 
Botryococcus sudesticus 
Brachionus 
angularis 
calyciflorus 
caudatus 
~ntata 
urceolaris 
B ranchiopoda 
Bridges, beam-and-slab 
Bronchitis virus, avian 
Bryobia praetiosa 
Bryozoa 
Caelsalpinioideae 
key to 
Caloneis silicula 
Camposto~omalum pullum 
Candida albicans 
~u~us 
Carbazole derivatives 
Carbohydrates for baby pigs 
Carbon dioxide, fixation of 
Carbon films 
Carpoides Cyprinus 
velifer 
Ca~klebsii 
Gas sia, key to 
575 
424 
425 
445 
440 
133 
444 
438 
442 
438,442 
434 
431 
426 
149 
279 
431 
431 
543 
442 
151 
236 
119 
84 
19, 76 
444 
427 
438 
442 
442 
442 
442 
442 
444 
192 
149 
263 
446 
356 
363 
431 
5 51 
543 
212 
193 
198 
475, 481 
• 135 
551 
551 
434 
365 
576 SUBJECT INDEX 
Cassia 
~maecrista 
fasciculata 
f. jenseni 
var~sta 
hebecarpa-
364, 378 
370, 378 
370 
370 
371 
365,387 
marilandica 
medsgeri 
nictitans 
occidentalis 
procumbens 
366, 378,387 
366,378 
373, 378 
366,389 
toro 
CaiOs't'Omus commersoni 
commersoni 
Catenas, soil 
Catfish, distribution of 
movements of 
Centrales 
Centropyxis aculeata 
Cephalodella sp. 
Ceratium hirundinella 
Ceratopogonidae 
Cercis 
373 
367,388 
5 51 
150 
227 
567 
431 
440 
442 
433 
445 
367 
~ad en sis 368,375,388 
Cercospora medicaginis 
Ceriodaphnia pulchella 
141 
444 
quadrangula 444 
Cerium complexes, use of 
Chaetophorales 
Chamaecrista 
280 
426 
368,378 
373 
369, 370, 371, 372, 390 
373 
aspera 
fasciculata 
mohrii 
~nnata 373 
nictitans 372, 378, 390 
procumbens 373 
robusta 370, 371 
rostrata 370, 371, 378 
Ch~ punctipennis 445 
Characium ambiguum 42 7 
gracilipes 427 
Chlamydomonas globosa 434 
snowii 434 
Chloride ion, in ferric-stannous 
reaction 89 
Chlorophyceae 426 
Chlorophyta 426 
Chrococcale s 424 
Chrococcus limneticus 425 
Chromium(III) halides 187 
Chrysomonadida 433 
Chrysophyta 431 
Chydorus sphaericus 444 
Ciliophora 441 
Cinetochilum margaritaceum 441 
Cladocera 444 
Cladophora 419 
insignis 42 7 
Cladophorales 427 
Clarion soil catenas 
Clarion soil series 
Clorococcales 
Closterium acerosum 
gracile var. elongatum 
monilife rum 
Clypeolina marginata 
Coccomonas orbicularis 
Cochliopodium bilimbosum 
Codonella cratera 
Coe la strum __ _ 
cambricum 
microporum 
reticulatum 
Coelo sphaerium 
dubium 
kuetzingianum 
naegelianum 
Coleps hirtus 
Coliform group, presumptive 
test for 
150 
528 
427 
430 
430 
430 
440 
434 
440 
441 
437 
427 
427 
427 
437 
425 
425 
425 
441 
541 
Collembola 445 
Colletotrichum ~ 5 7 
hibisci 5 7 
Co~ 438 
obtusa 442 
Co~us unicornis 442 
Conochiloides natans 442 
Cooperatives, financial 
organization in 21 7 
Copepoda 445 
Corn borer, Effects of parasites 291 
Corn borer, populations of 284 
Corncob processing 289 
Corn competition with weeds 182 
Cornstarch, biosynthesis and 
structure of 169 
Cosmarium cyclium 
var. nordstedtianum 430 
punctulatum var. subpunctulatum 
430 
reniforme 430 
Cothurnia annulifera 441 
Cottonseed, ethanol extraction of 249 
Cotton seedlings, damping-off of 57 
Cottonwood site requirements 140 
Credit use by farm families 130 
Crucigenia crucifera 427 
irregularis 427 
quadrata 42 7 
Crustacea 444 
Cyanophyta 424 
Cyclidium sp. 441 
Cyclops bicuspidatus 445 
Cyclotella comta 431 
meneghi~ 431 
Cymatopleura elliptica 431 
f. spiralis 431 
sole a 431 
SUBJECT INDEX 577 
Cymbella ehrenbergii 
tumido 
~la 
Cypria~ 
~ypridopsis vidua 
Cyprinus carpio 
432 
432 
432 
444 
445 
551 
Dactylococcopsis fasicularis 425 
425 rhaphidioide s 
Daphnia longispira 
pulex 
DDT, metabolism in white 
Desmanthus 
key to 
cooleyi 
~nsis 
leptalobus 
Desmidiaceae 
Diaphanosoma brachyurum 
Diaporthe 
phaseolorum var. sojae 
Diaptomus oregonens~ 
Dichranophorus sp. 
Dichrostachys 
210,444 
210,444 
rats 148 
359, 378 
359 
379 
360, 385 
360, 385 
430 
444 
105 
445 
442 
359 
Dictyosphaerium ehrenbergianum 
427 
pulchellum 427 
Didinium nasutum 441 
Difflugia corona 440 
lobostroma 440 
pyriformis 440 
urceolata 440 
Dimorpha~ 440 
Dimor:e,hococcus lunatus 427 
Dinobryon sertularia 433 
Dinoflagellida 433 
Diptera 445 
Ditremexa 379 
marilandica 365 
medsgeri 366 
occidentalis 366 
DNase, splenic 207 
Dorosoma cepedianum 210,423 
Dow soil series 
Down feather, morphogenesis 
alkaline phosphatase of 
Drill-row spacings, oat 
Dyprosium single crystals 
Earworm damage to corn 
Emelista 
tor a 
Ent;;Olobium 
Epalxis sp. 
Epidermis, plant 
Epist.atic and nonepistatic 
gene effects in maize 
Epistylis sp. 
158 
of 1 73 
191 
39 
127 
133 
379 
367 
358 
441 
258 
178 
441 
Epithemia argus 
zebra 
Eq,tlub";ia of milk serum 
Erosion control on Ida-Monona 
soils 
432 
432 
174 
199 
Escherichia coli 231, 457, 542 
Es ox lucius 
"Efueo'StCiffia nigrum nigrum 
Euchlanis delatata 
1, 554 
551 
443 
441 
445 
434 
434 
434 
Euciliatia 
Eucopepoda 
Eudorina elegans 
Euglena~ 
ehrenb ergii 
gracilis 
interrnedia 
minuta 
•oxyuris 
trii)teris 
Euglenida 
Euglypha sp, 
alveolata 
Eumimosae 
Eunata lunaris 
~t~ar. minor 
Farm and home planning 
Farm pond evaporation 
Farm property transfers, 
intrafamily 
434, 438, 439 
434 
434 
434 
434,438,439 
434 
440 
440 
359 
432 
432 
215 
349 
162 
Farm tenure, efficiencies in 
resource use 223 
Farmer cooperatives 217 
Ferric-stannous reaction 89 
Fertilizer phosphorus evaluation 
in Iowa soils 269 
Filinia longi s eta 44 2 
te rminali s 442 
Fishes, creek census and 
harvest techniques 160 
effect of floods and droughts on 234 
growth in farm ponds 71 
Fish food, invertebrate 233 
Fishing, mathematical models for 395 
Flosculariacea 
Fragilaria capucina 
construens 
crotonensis 
virescens 
Franceia droe scheri 
Fused salt systems, binary 
Gain heritability in beef cattle 
Gallium halides 
Gastropus stylifer 
Gene effec~aize 
Germ tube development of 
Puccinia coronota 
442 
432 
432 
432 
432 
427 
156 
151 
222 
443 
178 
153 
578 SUBJECT INDEX 
Gizzard shad, ecological 
relationships of 
Glenodinium armotum 
210 
433 
433 
433 
433 
gymnodinium 
kulczynskii 
pulvisculus 
quadridens 
Gleditsia 
aquatica 
texana 
~thos 
Gloeocystis !!igas 
major 
~losa 
Golenkinia 
paucispina 
radiata 
433, 438, 439 
373,379 
374,379,392 
375,379 
374, 37J, 391, 392 
426 
426 426 
426 
Go~masp. 
Gomphosphaeria lacustris 
Grade heritability in beef cattle 
Grenada and related soils 
437 
427 
428 
432 
425 
151 
128 
176 
529 
376 
Growth rate in swine 
Grundy soil series 
Gymnocladus 
diocia 
Gyrosig"ma attentuatum 
Halteria grandinella 
Hastatella radians 
Hayden soi~as 
Helioflagellida 
Heliothis zea 
Heliozoida--
376, 393 
432 
Heterophrys !!labrescens 
Hibiscus cannabinus 
441 
441 
150 
440 
133 
440 
440 
57 
376 ~seggia 
densiflora 
falcaria 
Jamesii 
Holophrya sp. 
Holotrichida 
Hormogonales 
Hybognathus hankinsoni 
Hybopsis biguttata 
storeriana 
Hydracarina 
HyPentelium ni!!ricans 
Ictalurus punctatus 
Ida-Monona soils, 
377,379,389 
377,379 
377,389 
441 
441 
425 
550 
550 
5'50 
445 
550 
550,563 
erosion control farming on 199 
Ida soil series 530 
Index to Masters' Theses 
7/1/56 to 6/30/57 
Indole alkaloids 
293,295 
256 
154 Industrial property mortality 
Infrared spectra of aromatic 
compounds 208 
Input-output analysis, 
application of 
Insecta 
Iron complexes, use of 
Isomerism 
Keratella 
cochlearis 
var. hispida 
quadrata 
Kirchneriella contora 
lunaris 
Qbe;;;:-
~litaria 
Lacrymaria sp. 
La11erheimia ~ 
citriformis 
longiseta 
quadriseta 
Lanthanum and alloys 
Laphy!!ma frugiperda 
Largemouth bass 
Largemouth black bass, 
261 
445 
280 
147 
438 
443 
443 
443 
428 
428 
428 
428 
441 
428 
428 
428 
428 
117 
133 
212 
reproduction and growth of 71 
Larrea 376,377, 379 
Le cane 438 
~
Leguminosae 
Lepadella 
patella 
Lepomis cyanellus 
!!ibbosus 
humilis 
ma:ch'rochirus 
machrochirus 
microlophus 
Lepocinclis ~ 
ovum 
LePtOdora kindti 
Leptoglottis 
Lester soil catenas 
Leucaena 
Leucophaeae maderae 
Leydigia quadrangularis 
Light hyperfragments, binding 
energies of 
Limnochare s sp. 
Linear programming, 
application of 
Lithium perchlorate 
Litter size in swine 
Load analysis 
Loess, stabilization of 
Loe s s stabilLzation with 
Portland cement 
Lotus corniculatus 
Lyngbya aerugineo-caerulea 
contorta 
443 
355 
438 
443 
212,550 
19 
5 50 
19,212 
550 
212 
434 
434 
444 
362,379 
150 
359 
259 
444 
203 
445 
265,266 
451 
176 
117 
268 
186 
236 
426 
426 
SUBJECT INDEX 579 
Macrochaetus 
collinsii 
Ma~ laticornis 
Magnetic field gradient 
438 
443 
444 
measurement 463 
Mais soniella elegans 425 
Maize, Gene effects in l 78 
chromosome breakage of 181 
Mallomonas pseudocoronata 433 
Marshall soil series 158, 535 
Masters' theses, July 1956 
to July 1957, Index to 
Mastigophora 
Melospira ambigua 
granulata 
293,295 
433 
431 
431,436 
431 var. angustissima 
Mercury, radiochemical studies 
of 226 
Merismopedia glauca 
tenuissima 
Metal carbonyls, polynuclear 
Metal whiskers, crystal physics 
425 
425 
157 
of 271 
Metatetranychus ~ 
Microactinium pusillium 
Michrococcus rhodochrous 
263 
428 
543 
Microcystis 437 
aeruginosa 211,425,426,437 
incerta 425 
Mi;;:opt;;:us dolomieui dolomieui 
550 
salmoides 212 
salmoides salmoides 550 
Microsporogenesis in potatoes 257 
Milk.substitutes in the urban 
Soruth 244 
M~mosoideae 356 
key to 357 
Minnows, response to flood 
and drought 547 
Miridae, male genitalia in 204 
Moina micrura 
M;z~s, separating 
process 
Monona soil series 
Mono sty la 
closteracerca 
hamata 
obtusa 
pygmaea 
pyriformis 
Morongia 
Morphogenesis in the down 
feather 
Mortality characteristics of 
industrial property 
M'ougeotia sp. 
Multicilia lacustria 
444 
267 
532 
438 
443 
443 
443 
443 
443 
362, 379 
173 
154 
430 
435 
Mycterothrix erlangeri 
Mytilina ventrali s 
Myxophyceae 
Napier soil series 
Nauplii 
Navicula bicapitellata 
cryptocephala 
cuspidata 
rheinhardtii 
Neidium dubium 
iridis var. ampliata 
Neltuma 
----Nematoda 
Neodymium single crystals 
Nephrocytium agardhianum 
Neurospora ~ 
Niobium, separation by liquid 
441 
443 
424 
158 
445 
432 
432 
432 
432 
432 
432 
361,379 
446 
127 
428 
457 
extraction 206 
Nitro compounds 277 
Nitrogen availability in soils 230 
fertilizer, effects of 39 
Nitzschia acicularis 432 
sigma 442 
sigmoidea 432 
Nostoc sp. 426 
~igonus chrysoleucas 212 
auratus 5 50 
Nothol~minata 443 
~atidae 443 
Notropis atherinoides atherinoides 550 
cornutus frontalis 5 50 
~us 550 
dorsalis dorsalis 550 
~s~is 550 
Noturus flavus 550 
Oat varieties, identification of l 79 
Oedogoniales 427 
Oedogonium sp. 427 
Oligochaeta 445 
One-center method of molecular 
calculations 
Oocystis 
borgei 
lacustris 
parva 
suDmarina 
Ophiq,cytiurn capitatum var, 
longespinum 
Orthocyclops modestus 
Oscillatoria limnetica 
limos a 
prolifica 
Ostracoda 
Papilionoideae 
Pandorina rnorum 
183 
437 
428 
428 
428, 439 
428 
431 
445 
426 
426 
426 
444 
356 
434 
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Paracyclops fimbriatus 
Paramecium sp. 
Parameters of a population, 
estimation of 
Particle shape, effect on 
fluidization 
Peach trees, effect of 
temperatures on 
Pedalia mira 
Pedia'Strm;-
445 
441 
190 
241 
63 
442 
437 
biradiatum 428 
boryanum 428 
duplex 428 
var. clathratum 428 
var. gracilimum 42 8 
simplex 428 
var. duodenarium 428 
Penicillium notatum 282 
Pennales 431 
Perchlorate -benzene complex 2 71 
Perezia pyraustae 291 
Peritrichida 441 
Phacotus lenticularis 434 
Phacus 438 
~minatus 
var. drezepolskii 
chloroplastis 
curvicauda 
helikoides 
longicauda 
orbicularis 
pseudoswirenkoi 
pyrum 
swirenkoi 
434,439 
435 
435,439 
435 
435 
435 
435 
435 
435 
435 
tortus 435 
Phenothizine and its derivatives 246 
Philodina 43 8 
roseola 442 
Pholiota adiposa 1 72 
~d~cicola 426 
Phosphate fer~, soluble 138 
Phosphate rocks, acidulation of 195 
acidulation characteristics 255 
Photonuclear reactions 
Phytomastigophorea 
Phytomonadida 
Pigs, evaluation of carbo-
hydrates for 
protein requirements of 
Pimephales ~ 
promelas promelas 
Pinnularia major 
Pithecellob~ 
Pithophora oedogonia 
Planctomyces sp. 
Plankton 
Planktosphaeria gelatinosa 
Ploima 
Plumatella sp. 
250 
433 
434 
198 
238 
550 
550 
433 
358 
427 
426 
419 
428 
442 
446 
Plutonium 
~aquatica 
Polyamino acid chelating agents 
Polyarthra 
major 
vulgaris 
Polyphemus pediculus 
Polynuclear metal carbonyls 
Polyporus lucidus 
Polystyrene-divinylbenzene resin 
122 
445 
159 
438 
443 
443 
444 
157 
172 
168 
Pomoxis annularis 5 50 
~lyx camplanata 442 
Portland cement, bond between 
paste and aggregate 229 
stabilization of Iowa loe s s 186 
Potamogeton spp. 
filiformis 419 
Potassium, electrical resistivity 288 
Potato varieties, fertile and sterile 257 
Power transmission 117 
Prairie in Iowa, native 166 
Propionibacterium jensenii 455 
Propyl bromides 250 
Prosopis 360, 378, 379 
articulata 380 
chilensis 361, 380 
glandulosa 361, 380 
juliflora 361, 380, 386 
~ 361, 380 
Protozoa 433, 440 
Pseudodifflugia 441 
gracilis 440 
Pseudomonas fluorescens 458 
Pseudoprorodon sp. 441 
Publications of Iowa State College 
Staff, academic year 1956-5 7 30 3 
Puccinia coronata 
~a nubilalis 
Pythium g~colurn, host 
specialization in 
Quadrigula closteroides 
lacustris 
Racti.oactive cobalt chloride 
Radioactive compounds, 
identification of 
degradation of 
Radioactive piperonyl butoxide, 
synthesis of 
Resonant cavity problems 
Rhaphidiophrys 
Rhizomastigida 
Rhizopodea 
Rhizosolenia eriensis 
Rhopalodia gibba 
Ribonucleic ac:ip in the down 
feather 
~sp. 
153 
284,291 
184 
429 
429 
471 
477, 478 
479,480 
259 
145 
440 
435 
440 
431 
433 
173 
442 
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Rotating discs, bursting speed 
Rotatoria 
Rousseletia sp. 
Rubber tires, rolling 
coefficient of friction 
Rumen microorganisms, 
mineral requirements of 
Rural fatal accidents 
Saccharomyces fragilis 
Salmonella pullorum 
Sarcodina 
Scapholeberis mucronata 
Scenedesmus 
abundans 
var. asymmetrica 
var. longicauda 
acuminatus 
arcuatus 
bijuga var. alte rnans 
var. flexuosus 
dentriculatus 
dimorphus 
quadricauda 
189 
442 
443 
225 
197 
201 
458 
543 
440 
444 
437 
429 
429 
429 
429 
429 
429 
429 
429 
429 
429 
429 var. maximus 
Schrankia 
microphylla 
nuttallii 
362,379,380 
363 
380 
362, 363, 380, 386 
setigera 429 
atromaculatus 
Selanastrum gracile 
westii 
Shelby soil series 
Silver maple in central Iowa, 
1 
419 
419 
435 
213 
5 50 
429 
429 
533 
decay of l 71 
Sodium tungsten bronze, 
electronic specific heat of 280 
Soil classification 220 
Soil catenas, sequence relation-
ships of 150 
Soil, moisture measuring 274 
effects of residual nitrogen 286 
erodibility 4 85 
surface profile 95 
temperature and moisture 95 
Soils, nitrogen availability in 230 
phosphorus availability in 269 
movement of water in 272 
Sopropis 361 
Sorastrum spinulosum 429 
Soybean varieties, identification 179 
Sphaerocystis schroeteri 
Spirogyra sp. 
Spirotrichida 
Spirulina nordstedtii 
Staff publications, Iowa State 
426 
430 
441 
426 
College academic year 1956-7 
Stannous iron reductions 
Staurastrum paradoxum 
Stauroneis acuta 
303 
240 
430 
433 
441 Stentor sp. 
~nodiscus~ 
niagarae 
Stigeoclonium 
subsecundum 
Stilbestrol responses in 
fattening lambs and cattle 
Stizostedion vitreum 
Streamlines,~ination of 
Streptococcus faecalis 
Strobilidium sp. 
Strombidium sp. 
Strombocarpa 
Surirella biseriata 
var. bi~ 
431 
431,436 
419 
426 
243 
396 
290 
457 
441 
441 
361 
433 
433 
linea;=r;-- 433 
tenera 433 
Swine, differences in litter size 
and growth rate 1 76 
Synchaeta oblonga 443 
Synechococcus aeruginosus 425 
Synedro ~ 433 
oxyrhynchus 433 
ulna 433 
Tantalum, separation by liquid 
extraction 
Tendipendidae 
Testacida 
Tetradesmus smithii 
Tetraedon 
caudatum var. longispinum 
enorrne 
gracile 
has ta tum 
var . palatinum 
limneticum 
minimum 
muticum var. punctulatum 
planctonicum 
regulare 
trigonurn 
Tetranychus telarius 
Tetrasporales 
Tetrastrurn staurogeniaeforrne 
Thiobacillus denitrificans 
thiooxidans 
thioparus 
206 
445 
440 
429 
429 
429 
429 
429 
430 
430 
430 
430 
430 
430 
430 
263 
426 
430 
475 
475 
475 
582 
Thorium compounds, 
separating process 
purification by solvent 
extraction 
single cry stale 
Thulium and alloys 
Thurman soil series 
Tillage implements 
Trachelomonas spp. 
granulosa 
volvocina 
Transition-metal complexes 
Trichocerca cylindrica 
la ta 
~seta 
rousseletia 
similis 
stylata 
spp. 
Trinema enchelys 
Two-slip designs of sample 
surveys 
Typha latifolia 
~aequalis 
Ulotrichales 
Uranium, solid state 
transformations in 
SUBJECT INDEX 
Value productivity estimate 143 
267 Variable analysis of 
techological change 254 
285 Vitamin B 12r 4.71 
121 Vocational agriculture 124 
126 Vorticella spp. 441 
5 34 
136 
435 Water vapor solubility 451 
435 Wave guide problems 145 
435 Wave propagation 240 
252 Webster soil series 535 
443 White crappie, reproduction 
443 and growth of 82 
443 White rat, metabolism 148 
443 Wireworm, effect of chemical 
443 seed treatments on 213 
444 
333 
441 Xanthophyceae 431 
X-ray beam 264 
219 X-ray investigation of tin whiskers 271 
419 
Zoomastigophora 435 
426 Zooplankton 438 
426 Zygnema taceae 430 
Zygnematales 430 
205 
